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STUDIES THE NATURE RUST RESISTANCE WHEAT 


VII. CHEMICAL ANALYSES HYBRID LINES WHEAT DIFFERING 
THEIR RUST REACTIONS! 


ANSEL ANDERSON? 


Abstract 


Four lots wheat, representing the four possible combinations seedling and 
mature-plant reaction rust, were grown the field, and leaves were collected 
the seedling stage and after heading. The material was dried, ground and 
analyzed total ash; total nitrogen; fat; cold- and hot-water-soluble 
organic matter, ash, reducing compounds, reducing sugars and invert sugar; 
alcohol-soluble matter; reducing compounds (from hemicelluloses) and nitrogen 
liberated hydrochloric acid; reducing compounds (from cellulose) and nitrogen 
liberated sulphuric acid; and for ash, protein and lignin (by difference) the 
remaining residue. The material was also subjected quantitative extraction 
with the following solvents series:— ligroin, ether, chloroform, acetate, 
acetone, and ethyl alcohol. 

Small but significant differences constitution were found between the wheat 
classes. There was evidence that these differences constitution were related 
rust reaction. 


Introduction 


Physiological susceptibility and resistance stem rust wheat appear 
depend upon balance lack balance between the physiological processes 
the host and those the parasite. The complicated relations which exist 
between the various wheat varieties and physiologic forms the fungus 
preclude the possibility any simple explanation resistance and suscep- 
tibility. seems probable that variations physiology exist amongst both 
the wheat varieties and the rust forms, and that the combinations and 
permutations these that give rise the complicated relations which exist 
between host and parasite. this true, solution the problem the 
fundamental nature rust resistance can expected until adequate studies 
have been made the physiological processes wide range susceptible 
and resistant wheat varieties and large number physiologic forms 
the fungus. 

The chemist can contribute these studies analyzing the host tissues. 
true that such analyses must carried out dead material, but 
must borne mind that the dead plant partial record the metabolic 
activities the protoplasm. study the compounds present the dead 
tissue, which are end products the biochemical reactions which have taken 
place, provides one method comparing the physiology different plants. 

Contribution from the Division Biology and National Research Laboratories, 
Ottawa, Canada. Parts I-VI this series were published this Journal, 5-35, 86-99, 1929; 


134-147, 1931; 667-686, 1934. 
Biologist, National Research Laboratories, Ottawa, Canada. 
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For many years, chemical investigations the nature rust resistance 
were unattractive since they were almost foredoomed failure because 
the nature the material available for analysis. order obtain series 
wheat varieties differing widely their reactions stem rust, was 
necessary select representatives several species wheat. Resistant 
varieties were taken from the emmer group and susceptible varieties from the 
vulgare group. The interpretation the results analyses was thus com- 
plicated the fact that such differences might found might easily 
represent morphological physiological characters associated with the class 
wheat rather than with rust reactions. 

During the past few years plant breeders working the development 
new rust-resistant wheat varieties have produced material from which the 
chemist can select far more suitable series wheats for his investigations. 
Such series was obtained about three years ago from the Dominion Rust 
Research Laboratory, Winnipeg. consists twelve hybrid lines from 
Marquis H-44-24 cross which may grouped into four classes representing 
the four possible combinations seedling and mature-plant reaction stem 
rust. These lines are homozygous for rust reaction but with respect 
morphological characters represent random selections the generation. 
the generation they were found true breeding for rust resistance, 
and since then have been carried along bulk without re-selection any 
kind. They are thus pure lines for rust resistance only and for morphological 
characters consist random mixtures pure lines together with number 
heterozygous plants. The result equalization differences between 
strains for all characters except rust resistance and other characters linked 
closely. 

apparent that all the emmer characters the H-44-24 were carried 
one chromosome and that this chromosome had come over intact 
the rust resistant lines, this material might better for comparative 
tests than different wheat varieties since there might still incidental cor- 
relations between rust resistance and chemical compounds. The fact that 
the two types rust resistance and several morphological characters have 
been shown inherited independently (1, evidence that the emmer 
characters did not come over one chromosome and, consequently, the prob- 
ability that certain chemical compound constitution characteristic 
the emmer species fortuitously linked with rust resistance this material, 
very much reduced. 

When investigations reported this paper were undertaken was expected 
that time and staff would available for extended analytical studies these 
wheats. these circumstances appeared wise prepare for more difficult 
examinations first subjecting the wheats comparatively simple series 
analyses designed determine the main groups plant compounds: fats, 
sugars, nitrogen compounds, hemicellulose, cellulose, lignin, etc. Although 
seemed scarcely probable that differences related rust reaction would 
found between the wheats these constituents, the work was undertaken 
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the belief that constituted the most logical approach the problem under 
investigation. 

Owing the pressure other work, these investigations now have 
dropped for some years least. Meanwhile the results far obtained are 
published the hope that they may use other investigators. 


Production Materials 


classification the twelve lines wheat described above, together with 
the letters means which each class will identified throughout the rest 
this paper, presented Table The seed for each class was made 


mixing equal weights TABLE 

the seed each CLASSIFICATION HYBRID LINES WHEAT SELECTED 
the three lines compos- FROM H-44-24 cross 
ing the class. The crop 

was grown the ex- Winnipeg, 1929 Rust reaction 
perimental fields the Seedling Mature-plant 
Department Field 

Crops, University 113 

Alberta, Edmonton, dur- 125 Resistant Resistant 
ing 1933. The wheats 

consisting rod-row Resistant Susceptible 
plots side side. The 

block was divided into Susceptible Resistant 
five sub-blocks, each 149 

containing four plots 127 

three rows. Each sub- Susceptible Susceptible 


block contained one 
plot each class 
wheat, the classes being distributed random within sub-blocks. All plots 
were seeded May 1933, rate two bushels per acre. Three rows 
Marquis wheat were seeded around the entire block. 


Collection seedling leaves 

The first collection was made May when the plants were the three- 
leaf stage. The leaves were cut off just above ground level, precautions being 
taken see that soil was included with the samples. sample 100 gm. 
green weight, was cut from each plot. 


Collection mature leaves 

Mature leaves were collected July when the plants were well headed 
out. Samples were taken from plants which had not previously been cut. 
The leaves, with the exception the terminal one (which does not exhibit 
the same degree mature-plant resistance), were stripped off hand. All 
dead and brown parts were discarded and 100-gm. sample green leaves 
was taken from each plot. 
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Methods 


The analyses were carried out according the system outlined Waksman 
and Stevens (5), with the addition series quantitative extractions with 
organic solvents. The analytical procedure shown the form flow 
sheet page 


Dry matter 

Since there were five plots each class wheat, determinations air-dry 
matter were made quintuplicate. Immediately after cutting, 100-gm. 
samples the green leaves were placed tared, loose, cheesecloth bags and 
dried first for 1.5 hr. 110° C., then for three days After standing 
room temperature for four days, the material reached equilibrium with 
room conditions. was then weighed and the percentage air-dry matter 
was calculated. 

The material was then shipped Ottawa where the five samples each 
class wheat were combined and ground Wiley mill pass 60-mesh 
sieve. 

Oven-dry matter was determined duplicate the bulk samples 
drying for hr. vacuo 98° 


Total ash 
Determinations total ash were carried out duplicate burning 
1.5-gm. samples constant weight muffle furnace 600° 


Total nitrogen 
Determinations total nitrogen were carried out duplicate 2-gm. 
samples the reduced iron modification the Kjeldahl method (4). 


Main series analyses 

The cold-water, hot-water, alcohol, and acid extractions outlined 
Waksman and Stevens (5) are empirical and require the most painstaking 
technique duplicate analyses are check closely. Experiments showed 
that determinations made different days were not directly comparable, 
owing, doubtless, small and uncontrollable differences conditions. 
order abolish this source error, the eight samples, representing duplicates 
each the four wheat classes cut the same stage growth, were analyzed 
concurrently. addition, the possibility systematic errors, introduced 
the order precedence handling, was minimized randomizing the 
order which the eight samples were dealt with throughout the various 
steps the analytical procedure. Where heating was necessary, was 
carried out mechanically stirred, electrically heated and controlled bath 
filled with either water oil. 

The cold- and hot-water extracts filtered and fermented rapidly, 
thus increasing the difficulties the determinations setting time limits for 
the operation involved from the time the cold water was added the sample 
until was treated with alcohol. The speed filtration was increased 
extracting all samples centrifuge bottles and centrifuging and decanting 
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MATTER 


Ground 
MATTER 


Main series 
analyses 


Ether extraction 


Residue ETHER EXTRACT 


Cold water extraction 


Quantitative 
extractions 


ASH TOTAL NITROGEN 


Residue Extract 
EXTRACT NITROGEN TOTAL REDUCING Clarified 
COMPOUNDS 
ASH 
REDUCING SUGAR INVERT SUGAR 
Hot water extraction 
Residue Extract 
EXTRACT NITROGEN TOTAL REDUCING Clarified 
COMPOUNDS 
ASH 
REDUCING SUGAR INVERT SUGAR 


Alcohol extraction 
Residue ALCOHOL 


Hydrochloric acid extraction 


Besidue Extract 
ETHER 
NITROGEN Reducing sugar 
CHLOROFORM 
HEMICELLULOSE 
(by calculation) ETHYL 
Sulphuric acid extraction 
ETHYL ALCOHOL 
Residue Extract 
NITROGEN suger 
CELLULOSE 
(by calculation) 
ASH NITROGEN Remainder calculation 
LIGNIN 
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the extract the filter. Washing was accomplished the same procedure, 
the remainder the residue being transferred the filter with the last 
washings. Fermentation was prevented for the required period the use 
chloroform water. The necessary technical accuracy and standard 
programme for the execution the various analyses were developed means 
preliminary experiments. 

The initial weight the samples taken for analysis gm. Ether extract 
was determined indirectly the method described later. The cold-water- 
and hot-water-soluble matter were determined directly evaporating aliquots 
the extracts dryness Vitreosil dishes. Ash determinations were made 
the residue the same dish the method previously described. Alcohol- 
soluble matter was determined evaporating the whole the extract 
dryness glass beaker. The hydrochloric-acid- and sulphuric-acid-soluble 
matter were determined indirectly weighing the sample before and after 
extraction. Nitrogen determinations were made aliquots the various 
extracts the method previously described. 

All sugar determinations were carried out aliquots the extracts 
Hulme and Narain’s (2) modification the Hagedorn-Jensen-Hanes method. 
Clarification was effected with minimum quantity basic lead acetate 
solution (the quantity having been determined beforehand pilot ex- 
periment), and the solutions were de-leaded with sodium hydrogen phosphate. 
Total reducing compounds were determined the same method without 
clarification. Inversion was carried out for hr. room temperature with 
hydrochloric acid ml., sp. gr. 1.184, ml. solution) and neutralization 
was effected adding from pipette ml. sodium hydroxide solution 
the exact strength required neutralize the acid solution. 

The determinations total reducing compounds the cold- and hot-water 
extracts, and the nitrogen the acid extracts, were the only additions 
the system analyses outlined Waksman and Stevens (5). all other 
respects their directions were followed. 


extractions 

The Soxhlet apparatus used for the quantitative extractions consisted 
eight extractors, with interchangeable ground glass joints, arranged 
compact circle mechanically stirred, electrically heated and controlled 
water bath. The extractors were carefully selected for uniformity size 
and rate siphoning. Uniform boiling was promoted placing 1-cm. 
cube pumice stone the bottom each flask. Extraction flasks, extraction 
units, condensers and pumice stone blocks were numbered and each set was 
kept together and was always placed the same position the bath. The 
stand for the extractors was made such way that all extractors were 
immersed the same depth and could lowered into the bath, raised 
out it, the same time. 

The determinations were carried out the indirect method. The samples 
(initial weight gm.) were dried, both before and after extraction, for hr. 
vacuo Extraction was continued for hr. with each solvent. 
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After extraction with each solvent the replicate residues were mixed and 
re-sampled for the next extraction. This method was adopted prevent 
the introduction correlated errors. 


The seedling and mature samples were analyzed separate series, each 
which consisted either two three sets duplicate extractions the four 
classes wheat. Three sets extractions were made with ligroin, ether and 
chloroform, and two with ethyl acetate, acetone and ethyl alcohol. The 
order which the samples were weighed out for each set was randomized 
and the same order was maintained for all succeeding operations. Since the 
extractors were numbered and kept order, the distribution the samples 
them was also randomized this procedure. 


Analytical Results 


The analytical results are presented Table the means 


determinations. The differences between means required for level 
significance were calculated statistical methods, and they are also reported 
the table. Since these differences show the standard accuracy attained 
each determination, the publication results replicate determinations 
unnecessary. those cases which the determination was not suffi- 
ciently precise differentiate between any the varieties the differences 
are enclosed brackets. 


With the exception the quantitative extractions, all determinations were 
carried out duplicate and concurrently four classes wheat collected 
the same stage growth. Four pairs duplicate analyses were thus 
available each case for statistical treatment. The standard deviation 
the mean duplicate determinations was calculated from these data and 
hence the necessary difference between means required for level 
significance. 


Quantitative extractions were carried out concurrently duplicate samples 
each the four classes wheat, collected the same stage growth. 
The extractions were then repeated either once twice more. The data 
from either two three sets four duplicate analyses were thus available 
for statistical treatment. The data were subjected analysis variance, 
the variance being divided into portions due to: (i) differences the general 
level obtained different sets analyses, (ii) average differences, 
over all sets, between wheat classes, (iii) variations differences between 
wheat classes from set set, and (iv) differences between duplicate deter- 
minations within sets. The variance due differences between sets 
analyses whole was thus eliminated from the comparison the wheat 
classes. The test was then applied determine whether the variance due 
wheat classes was significantly greater than those due the interaction 
and the variance within sets. When the results the test were positive 
the necessary difference between means, required for level significance, 
was calculated the usual manner. 
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TABLE 


ANALYSES OF HYBRID LINES OF WHEAT, DIFFERING IN THEIR RUST REACTIONS, 
AT TWO STAGES OF GROWTH 


Wheat class, seedling 


Determination 


Dry matter 
Air-dry matter as % of 
green wt. 18.40 0.96 
Oven-dry matter as % 
of A.D. matter 92.24 0.12 
Oven-dry matter as % 
of green wt. 19.95 — 
Main series of analyses 
(Constituents as % of 
oven-dry matter) 
Total ash 14.13 13.65 0.05 
Total nitrogen 6.19 6.23 0.02 
Ether extract 5.09 5.40 0.03 
Cold water extract 37.05 36.61 0.27 
Ash 10.32 10.38 0.08 
Nitrogen 1.51 1.48 0.03 
Total reducing com- 
pounds : 3.94 4.04 0.07 
Reducing sugars 1.16 1.2% 0.13 
Invert sugar 6.63 6.83 0.11 
Hot water extract 3.11 3.16 0.09 
Ash 0.98 1.01 0.02 
Nitrogen 0.16 0.16 0.01 
Total reducing com- 
pounds 0.55 0.56 0.01 
Reducing sugars 0.17 0.17 (0.04) 
Invert sugar 0.07 0.08 (0.03) 
Alcohol extract 3.37 3. 0.05 
Hydrochloric acid ex- 
tract 34.29 (0.76) 
Nitrogen 0.02 
Hemicellulose 10.95 0.23 
Sulphuric acid extract | 12.21 0.62 
Nitrogen 0.33 (0.02) 
Cellulose 8.83 0.47 
Residue 5.12 0.28 
Ash 1.39 (0.09) 
Nitrogen 0.31 0.01 
Lignin (by difference)| 1.83. 0.19 
Quantitative extractions 
(Constituents 
of oven-dry matter) 
Ligroin 3.49 0.04 
Ether 1.62 0.03 
Chloroform 2.05 0.11 
Ethyl acetate 1.00 
Acetone 4.27 
alcohol 


Necessary difference between classes for level significance. 


significant differences. 
Single determination only. 


Po Neces- Wheat class, mature Neces- 
sary Sary 
differ- differ- 
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Discussion 


The series analyses which the wheats were subjected accounts for 
about 95% the constituents the dry matter the leaves, provided that 
the last three nitrogen fractions are calculated protein. The procedure 
separates the constituents into number main fractions and examines some 
these more detail. The determinations are empirical and the names 
given the various fractions must interpreted with due respect the 
method determination. 

the main series analyses became increasingly difficult obtain 
duplicates that checked, owing the cumulative effect small errors. These 
effects were more noticeable the seedling series which the amount 
material left for the later determinations was small. the series quan- 
titative extractions the analyses also became progressively less accurate. 
This was not the result cumulative errors, since these were avoided re- 
sampling between extractions. far could determined the errors are 
associated with the higher boiling points the solvents used the last half 
the series. High boiling solvents emphasize differences size, length and 
shape the vapor tubes the Soxhlet extractors with the result that differ- 
ences the rates siphoning the extractors are increased. With ethyl 
acetate, acetone and alcohol, the errors introduced variations siphoning 
rate were greater than the differences between the various wheats. 

The four classes wheat proved very similar composition each 
the two stages growth. Nevertheless the determinations were 
ciently accurate show that differences occurred between the wheats 
large number the fractions. might expected, the differences between 
the wheats the seedling and mature stage were very considerable. 

examining the data for possible relations between chemical constitution 
and rust reaction, the nature seedling reaction and mature-plant reaction 
must borne clearly mind. The former really misnamed: charac- 
teristic the plant throughout its whole life. reaction, the 
other hand, well named. represents type resistance which develops 
the plant matures and which superimposed upon the original 
seedling reaction. 

The combinations wheat classes used these studies and the fact that 
they were examined two stages growth, make possible examine the 
data with view determining whether quantitative differences any the 
fractions are related either seedling reaction mature-plant reaction. 
difference the amount any fraction responsible for difference 
seedling reaction, then both stages growth the classes and 
probably should contain either more less that fraction than the classes 
and SS. the other hand, difference the amount any fraction 
responsible for difference mature-plant reaction, then there should 
differences between the classes the seedling stage, and the mature 
stage the classes and should contain either more less than the classes 


and SS. 
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Careful examination the data has failed reveal any relation between 
any fraction and either type rust reaction. This was expected 
view the fact that the fractions determined represent major groups 
plant constituents rather than individual compounds. Nevertheless, the 
investigation, though its results are negative, forms the first step logical 
attack upon the rust problem the forces analytical chemistry, and paves 
the way for more detailed, difficult, and time-consuming investigations the 
possible relations individual constituents the wheat leaf rust reaction. 
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MICROSCOPICAL STUDY INFECTION THE ROOTS 
STRAWBERRY AND TOBACCO SEEDLINGS 
MICRO-ORGANISMS THE SOIL' 


Abstract 


Similarity organisms encountered studies black root strawberry and 
tobacco, respectively, carried out contemporaneously but independently, 
suggested the co-operative investigation, the results which are embodied 
this paper. Strawberry and tobacco seedlings growing (i) seed-bed muck 
heavily infested with Thielaviopsis (Berk.) Ferraris, and other organisms 
known pathogenic tobacco, (ii) soil from commercial plantation 
where strawberry root rot had occurred severe and typical form, and (iii) 
compost soil, were examined microscopically daily, commencing 
hours after germination and continuing throughout period four weeks. 
Organisms observed definitely within root tissues both hosts included the 
fungus, basicola (observed plants grown 
muck only), Rhizoctonia (Solani and endophytic orchid types), forms Pythium, 
(Olpidiaster), certain unidentified fungi, minute filamentous alga 
and nematodes. Organisms observed the surface roots included repre- 
sentatives the genera Cylindrocarpon (Ramularia), Fusarium, Helmintho- 
sporium, Sphaeropsts, and The sequence appearance, per- 
centage occurrence, and parasitic capabilities certain the organisms varied 
roots grown the different soils. Because early infection by, and ultimate 
almost universal occurrence of, the phycomycetous mycorrhizal fungus this 
organism received especial attention. Evidence based certain morphological 
differences suggests the occurrence strains this organism. interest, too, 
alga invading living root tissue. 

From observations not limited alone the examination diseased roots 
strawberry and tobacco, the authors are led conclude, (1) that root rot 
occurs nature extremely complex even cases where primary causal agent 
recognized, and (2) that fungi representative comparatively few groups 
genera are root-rot complexes different host plants. 

The technique described offers distinct advantages that permits study 
the sequence and severity infection the organisms involved root-rot 
complex; reveals the occurrence obligate parasites the presence which 
would never detected the soil-plating, the Cholodny, the tissue-isolation 
methods; and readily adaptable the study other root-rot complexes. 


Introductory 


the course investigations black root strawberry (8) and 
tobacco (11), respectively, carried out simultaneously but independently 
during the past two years the St. Catharines laboratory, microscopical 
examinations affected roots, supplemented large numbers isolations, 
have shown that representatives the same genera groups fungi, 
well nematodes, are commonly associated with both diseases they occur 
typically nature their respective hosts. This seemed interest view 
the fact that black root rot tobacco, annual plant, single pathogen, 

Manuscript received October 29, 1935. 
Contribution No. 435 from the Division Botany, Experimental Farms Branch, Depart- 
ment Agriculture, Ottawa, Canada, the tobacco phase the present work, conducted Dr. Koch, 


forming part co-operative project with the Tobacco Division the Dominion Department 


Agriculture. 
Plant Disease Investigator, Dominion Laboratory Plant Pathology, St. Catharines, 


Ontario. 
Assistant Plant Pathologist, Dominion Laboratory Plant Pathology, St. Catharines, 


Ontario. 
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namely, Thielaviopsis basicola, regarded the primary causal agent the 
disease, whereas black root rot strawberry, perennial plant, recent 
investigations and observations Strong and Strong (15), Berkely and 
Lauder-Thomson (1), Truscott (16), Hildebrand (8) and Hastings (7) have 
shown that different primary parasitic organisms may attack the roots. 
the light our present knowledge, however, impossible select 
specific organism the causal agent the disease. 

further interest the fact that while both diseases may cause serious 
damage older roots, their attack roots the primary condition 
especially severe. diseased condition and paucity finer absorbing laterals 
are outstanding characteristics black root rot strawberries and well 
known that black root rot tobacco may cause serious loss seedlings. 
The similarity the organisms encountered these characteristically different 
root rots suggested the present authors the advisability co-operative 
investigation certain phases the problem least. The further fact 
that the attack the two diseases roots the primary condition especially 
severe, suggested the study the roots seedlings the logical starting 
point. the present paper are embodied, therefore, the results inten- 
sive microscopical study the complete root systems large number 
seedlings tobacco and strawberry, employing clearing and staining tech- 
nique which renders possible study infection by, and recognition of, 
micro-organisms residual the soils plantations and seedbeds which 
the respective diseases had occurred severe and typical form. 


Material and Methods 


Two different soil types were used the present study. The first, muck, 
such more usually used tobacco seedbeds, was chosen because had 
already produced several crops plants affected with black root rot and 
because, addition basicola, was known heavily infested with 
the ‘‘phycomycetous mycorrhizal” fungus (8, 10, 11, 12, 16) and with repre- 
sentatives other genera fungi known pathogenic tobacco (11). 
The second, ordinary clay loam, for convenience hereinafter referred 
was obtained from commercial plantation where 
strawberry root rot had occurred for several seasons. has already been 
reported previous publication (8) that when strawberry runners were 
trained into this soil, they developed into plants exhibiting 
typical symptoms black root rot. Tobacco seed, variety Judy’s Pride, 
and strawberry seed, variety Nich Omer, were sown the greenhouse 
14-inch clay saucers containing, respectively, sterilized and non-sterilized 
soil the two types. Both kinds seeds were also planted saucers 
sterilized sand and addition strawberry seeds were planted greenhouse 
compost soil. insure uniform stands, weighed quantity each kind 
seed was sown the respective saucers. 

Commencing few hours after the radicles had started emerge from the 
testa and continuing for period four weeks, the end which time the 


7 
| 


HILDEBRAND AND KOCH: ROOT INFECTION SEEDLINGS 


roots had developed laterals the third and fourth order, seedlings both 
strawberry and tobacco were removed daily from the soil and examined 
microscopically, few unstained, but the majority cleared and stained using 
lacto-phenol with acid fuchsin added, according the technique more recently 
employed Truscott (16), Hildebrand (8) and Koch (11). The results 
which follow are based the critical study the complete root systems 
over 350 seedlings tobacco and 400 strawberry. 


Strawberry and Tobacco Seedlings Grown Muck 
ORGANISMS OBSERVED WITHIN TISSUES 


Strawberry and tobacco seeds planted muck showed first signs ger- 
mination the seventh and fifth days, respectively, following planting. 
Within hours after germination, during which time radicles had developed 
lengths ranging from mm., specimens were first obtained for micro- 
scopical examination. The organisms observed within the tissues 
newly formed radicles and the later formed roots included the following: 


Thielaviopsis basicola 


Four ten radicles strawberry, which could not possibly have been 
contact with the soil for period exceeding hours showed infection 
basicola (Plate Reference Table will show that infection 
tobacco seedlings basicola was first observed the fourth day after 
germination. Examination Table will show that total straw- 
berry seedlings examined during the first days 15% showed infection 
basicola while 20% the tobacco seedlings examined during the same 
period showed infection this organism. During the longer period, from 
the 11th the 30th day, 2.5% the strawberry seedlings and 75% the 
120 tobacco seedlings examined, showed infection basicola. interest 
this connection the 55% increase infection tobacco, the naturally 
susceptible host, contrasted with the 13% decrease infection straw- 
berry, host which would appear susceptible infection this organism 
only during early stages development the seedling. 

regard the parasitism basicola the two hosts was noted 
the case strawberry that although there was definite intracellular penetration 
there was apparent necrosis invaded cells, and infections did not progress 
beyond incipient stage. tobacco, the other hand, the fungus was 
aggressive parasite, producing the well known symptoms black root rot. 


Rhizoctonia 


Infection two distinct types Rhizoctonia, namely, the and 
orchid types (8, 11, 16) was observed both strawberry and tobacco. During 
the first days 17.5% the tobacco seedlings examined showed infection 
Rhizoctonia the Solani type. During the subsequent 11- 30-day 
period, infection representatives this type had decreased 13.5%. 
Similarly the case strawberry during the two corresponding periods 
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HILDEBRAND AND KOCH: ROOT INFECTION IN SEEDLINGS 


there was decrease infection from the first 
days tobacco was free from infection the orchid type Rhizoctonia, 
whereas the older seedlings examined showed infection. 
contrast with the recorded observations strawberry. Younger seedlings 
the latter host showed 6.6% infection, which decreased 2.5% the 
older seedlings. 

Regarding the parasitism Rhizoctonia the two hosts was noted 
connection with the type that penetration was more usually effected 
near the ground level and resulted considerable damping-off 
tobacco but scarcely any strawberry. both hosts, however, sufficient 
number clear-cut cases tip infections resulting necrosis and disorganiza- 


TABLE 


SEQUENCE OF INFECTION OF ROOTS OF TOBACCO AND STRAWBERRY SEEDLINGS BY 
MICRO-ORGANISMS RESIDUAL IN THREE DIFFERENT TYPES OF SOIL 


Greenhouse 
Days after Muck Strawberry root-rot soil coupest 
germination 
Tobacco Strawberry Tobacco Strawberry Strawberry 
basicola 
R. Solani 
2 R. Solani Orchid Rhiz. 
Nematodes 
R. Solani 
3 Orchid Rhiz. Orchid Rhiz. Pythium 
Nematodes 
4 Pythium Pythium 
T. basicola 
5 R. Solani Phyco. Mycor. Phyco. Mycor. 
Orchid Rhiz. Orchid Rhiz. 
6 Phvco. Mycor. Pythium 
Orchid Rhiz. 
7 Alga Phyco. Mycor. 
Orchid 
8 Nematodes 
10 Alga R. Solani 
11 Pythium Alga 
12 Phyco. Mycor. 
Orchid Rhiz. 
14 Nematodes 
15 Orchid Rhiz. 
25 Asterocystis Asterocystis 


Aslerocystis 
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tion tissue (Plate Fig. was observed indicate that representatives 
the Solani type are capable causing definite root rot distinct from 
damping-off. 

both hosts, where infection the endophytic orchid type Rhizoctonia 
was observed, was noted that even heavily infected roots where many 
the cells were completely filled with the the fungus 
(Plate Figs. and 5), there was relatively little discoloration disorganiza- 
tion cells tissue invaded the fungus. The lack virulence displayed 
the orchid type Rhizoctonia was marked contrast that exhibited 
members the Solani group. 

Pythium 


Only strawberry seedlings examined showed infection 
whereas the younger and 8.2% the 120 older tobacco 
seedlings showed infection representatives this genus. While straw- 
berry Pythium was relatively unimportant, nevertheless, tobacco the 
observations indicated that members the genus are important pathogens 
regards both damping-off and root rot. 


The mycorrhizal” fungus 


During the first days 15% tobacco and 31% strawberry seedlings 
showed infection the fungus. the end 
days, however, the tobacco and 75% the strawberry seedlings 
showed heavy infection. Later, this soil, proved impossible find root 
systems either strawberry tobacco free from invasion this fungus. 


Asterocystis (Olpidiaster 


few the older tobacco seedlings examined revealed the presence 
Asterocystis but this obligate parasite was not observed strawberry seedlings 


less than days old. 
Alga 


Both tobacco and strawberry there was frequently observed in- 
dividual cortical cells, near the ground level, organism which 
stained material somewhat resembled nematode both size and general 
appearance, except that was multiseptate. fresh material 
showed, however, that was chlorophyll-bearing organism, member 
the filamentous type blue-green algae. yet effort has been made 
identify this alga definitely with view determining its taxonomic position. 
Examination large number roots invaded this alga indicates that 
penetration effected mechanical means. Following direct penetration 
through the cell wall, the organism coils within the cell (Plate Figs and 3). 
case has necrosis been correlated with the presence the organism 
when occurs alone. not restricted the soils used the present 
experiments but probably widely distributed nature, suggested the 
fact that Koch has noted its presence tobacco seedlings obtained from 
commercial seedbeds. evaluation the significance the presence 
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this organism either possible primary parasite, agent providing 
infection court for other organisms, has not yet been made. Meanwhile 
must regarded possible factor the root-rot complex. 


Nematodes 

reference Table will show, nematodes were not observed the 
roots strawberry and tobacco and only about the older seedlings 
the latter host. 

Unidentified fungi 

total 100 younger and older seedlings strawberry examined, 
average 5.4% were found infected fungi which could not 
identified. The same was true for the 199 tobacco seedlings examined, the 
occurrence unidentified fungi being slightly lower, namely average 
4.8%. Since previous investigators (1, 15, 16) have shown certain imperfect 
fungi pathogenic strawberry roots possible, particularly the 
case strawberry, that important pathogens may included the un- 
identified fungi, but since their mycelium within the tissues lacks the dis- 
tinguishing characteristics necessary for even generic diagnosis, im- 
possible evaluate the significance their occurrence study this kind. 


Organisms Observed the Surface Roots 
addition the organisms observed within the root tissues, certain fungi 
including representatives the genera Cylindrocarpon Fusarium, 
Helminthosporium, Sphaeropsis, and were also noted the 
surface roots. These fungi were for the most part identified their conidia. 
The latter were frequently observed germinating the surface the roots 
but case was penetration the germ tubes definitely noted. 


Strawberry and Tobacco Seedlings Grown 
Soil 


Strawberry and tobacco seeds planted the ‘‘strawberry-root-rot” soil 
showed the first signs germination the ninth and sixth days, respectively, 
after planting. the case seeds planted muck, examination the 
seedlings was begun within hours subsequent germination. While the 
organisms observed within the roots the seedlings both hosts growing 
strawberry-root-rot soil were more less identical with those found the 
roots seedlings grown muck—with the outstanding exception basicola 
—nevertheless the percentage occurrence these organisms and the 
sequence infection them (Tables and showed considerable variation 
the two types soil. The organisms which were definitely identified are 
recorded below the same order the preceding section. 


Rhizoctonia 
While both the Solani and orchid types Rhizoctonia were observed 
both hosts, infection the first-mentioned type occurred much less frequently. 
Not more than the tobacco seedlings, nor more than the straw- 
berry seedlings showed infection this fungus, though considerable surface 
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mycelium was observed. These percentages are marked contrast those 
calculated for infection the muck soil. These observations would suggest 
that Solani one the components the root-rot complex may vary 
markedly with soil type. Percentage infection the orchid type Rhizoc- 
tonia varied from 10-13 the younger seedlings tobacco and strawberry 
respectively, and older seedlings the two hosts. Examination 
Table will show that these percentages are much higher than those recorded 
for seedlings grown muck. 

The observations recorded the preceding section regarding the parasitism 
the two types Rhizoctonia seedlings grown muck confirm these made 
connection with the seedlings grown the strawberry-root-rot soil. 
will noted, however, that the relative occurrence the two types this 
organism varies with soil type. 

Pythium 

Whereas only 2.5% strawberry seedlings grown muck showed 
infection Pythium, 16% 100 younger and 12.8% older strawberry 
seedlings grown the root-rot soil showed infection representatives 
this genus. the case tobacco, however, there was slight decrease 
from 24.4% the 119 seedlings grown muck 21.3% the grown 
the root-rot soil. 

The examination seedlings grown root-rot soil indicates that Pythium 
important primary pathogen both hosts. many cases where root 
extremities were rotting off, Pythium alone could found the disintegrating 
tissues the affected roots. the case Rhizoctonia, while Pythium 
undoubtedly the cause damping-off, more especially the case tobacco, 
nevertheless, sufficient tip infections were observed show that this fungus 
responsible for definite root rot. 


The fungus 
During the first days 10% the tobacco and 14% the strawberry 
seedlings showed infection the fungus. 
These percentages the end days had increased and 74.3. 
Later, the case seedlings grown muck, was impossible find root 
systems either host free from invasion this fungus. 


Asterocystis (Olpidiaster 

Approximately the same percentage Asterocystis was observed the 
older roots tobacco seedlings grown the strawberry-root-rot soil 
those grown muck. the case strawberry, whereas this fungus was 
not observed all roots seedlings grown muck, was noted 
older seedlings grown the root-rot soil. 


Alga 
the seedlings both hosts grown the strawberry-root-rot soil the 
alga which reference has already been made the preceding section was 
frequently observed. 
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Nematodes 

One the most striking differences the occurrence micro-organisms 
the two types soil was that noted regard nematodes. Whereas 
muck these organisms were entirely lacking the younger seedlings both 
hosts and were observed only the tobacco seedlings days 
old, the other hand, the root-rot soil they were present the 
tobacco and 27% the strawberry seedlings days old, these per- 
centages increasing 35.5 and 33.3 older seedlings. Hildebrand (8) 
and Koch (11) have already suggested the importance nematodes the 
root-rot complex. the present study they were observed alone and 
association with various fungi. many cases where they occurred alone 
necrosis invaded cells indicated primary parasitism the part these 
organisms, while certain cases, discoloration and least partial disinte- 
gration cells contiguous those invaded suggested some such 
as, according Goodey (6), was observed Quanjer the case 
Anguillulina dipsaci, parasite potatoes and various other plants. 
Even though definite proof lacking the primary parasitic capabilities 
these organisms, any case they must provide mechanical means 
otherwise, ideal infection courts for facultative parasites which otherwise 
could not establish themselves within the host. Where nematodes and fungi 
were found together, even incipient infections was impossible determine 
which the organisms had gained entry first. 

The observations general regard nematodes suggest that these 
organisms are important factor the root-rot complex, more particularly, 
perhaps, obtains the case strawberry. 


Unidentified 

reference Table will show, the percentage roots which un- 
identified fungi were observed, was higher for seedlings grown strawberry- 
root-rot soil than for those grown seed-bed muck. Thus, total 
170 strawberry seedlings examined, average 10.1% showed infection 
unidentified fungi compared with average 5.4% strawberry 
seedlings grown seed-bed muck. tobacco seedlings grown the 
strawberry-root-rot soil, average 13.0% showed infection unidentified 
fungi, whereas average only 4.8% those grown seed-bed muck 
were infected fungi which could not identified. 


Organisms observed the surface root tissues 


regard organisms which were observed the surface root systems, 
what has been said for seedlings grown muck also holds true for seedlings 
grown the root-rot soil. 


Strawberry Seedlings Grown Greenhouse Compost Soil 


one hundred and twenty 21-day-old strawberry seedlings grown 
greenhouse compost soil, 44% were found healthy and the rest remained 
relatively freer from infection than those grown the muck and the root-rot 
soil. The fungus was observed 
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the seedlings examined. Primary infection the fungus was first noted 
the seventh day, compared with the fifth day the other two types 
soil. Infection the two types Rhizoctonia was also appreciably less 
the compost soil, the Solani and orchid types being observed only and 
5.8% the seedlings, respectively. The alga which had been noted 
frequently seedlings grown muck and the root-rot soil was not observed 
all those grown the compost soil. Nematodes were noted 
the seedlings and they differed type from those observed the seedlings 
from the other two soils. Very few organisms were noted the surface 
the roots the seedlings grown the compost soil. 


The Fungus Tobacco 
and Strawberry 


all the organisms that could definitely identified within the tissues 
the roots tobacco and strawberry, the phycomycetous mycorrhizal 
fungus was the most conspicuous appearance and the most consistent 
occurrence. The widespread distribution this organism strawberry, 
together with suggestions its possible significance factor the 
root-rot complex has been pointed out O’Brien and McNaughton (12), 
Truscott (16), and Hildebrand (8). More recently Koch (11) has shown that 
the same closely similar organism present the roots tobacco, 
the thalli certain liverworts, and the stems and leaves certain mosses. 
Opinions vary the significance the presence this fungus regard 
pathological conditions the strawberry. O’Brien and McNaughton (12), 
and Truscott (16) conclude that this endophyte not only definite parasite 
but extremely important pathogen the strawberry. regard 
tobacco the evidence adduced Koch (11) indicates that the fungus possesses 
parasitic capability this host. 

view the fact that the endophyte question seemed indicate not 
only different pathogenic capabilities tobacco and strawberry, but also 
exhibited certain morphologic differences the two hosts, was decided 
study the organism more critically with view obtaining additional in- 
formation, whatever its nature, concerning this obligate parasite which, never 
having been grown pure culture, cannot studied directly. 


Infection and development stages 

regard infection by, and developmental stages of, the endophyte, 
reference Table III will show that initial infection was first noted tobacco 
grown muck, six days, and strawberry five days, after germination. 
root-rot soil initial infection tobacco was noted days, and strawberry 
five days, after germination. greenhouse compost soil initial infection 
the latter host was first noted seven days after germination. 
tobacco, arbuscules appeared two three days after initial infection 
while strawberry they appeared three four days after initial infec- 
tion all three soil types. this connection interest note 
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that whereas Reed and Fremont (14), their study endotrophic 
mycorrhiza the roots citrus, observed arbuscules certain cases 
only, particularly cells appear complete physiological equilib- 
rium (trees regularly receiving complete the present studies 
arbuscules were especially abundant both hosts regardless either host 
vigor soil type. tobacco, both muck and root-rot soil, vesicles 
appeared days after germination. strawberry, the other hand, the 
appearance vesicles seemed correlated with soil type, since seedlings 
grown muck, root-rot soil and compost they appeared and 
days respectively after germination seeds. The stage was 
not observed within the four-week period intensive examination seedlings. 


TABLE III 


INITIAL INFECTION BY, AND DEVELOPMENTAL STAGES OF, THE ‘‘PHYCOMYCETOUS MYCORRHIZAL” 
FUNGUS IN THE ROOTS OF TOBACCO AND STRAWBERRY SEEDLINGS, 
GROWN IN THREE DIFFERENT SOILS 


tobacco strawberry 


muck, root-rot muck, root-rot 
days* soil, days days soil, days 


Infection 
Arbuscules 


After germination. 


regard the vesicles, the present investigations shed further light 
the true nature these structures, that is, whether they are resting 
bodies, storage organs sporangia. Peyronel (13) 1923, and Van der 
Pijl (17) 1934, recorded the presence spores the vesicles the endo- 
phyte. The critical examination hundreds vesicles both stained and 
unstained material different ages has revealed these bodies the 
presence numerous small oil globules which untreated material suggest 
the delimitation the contents into spore-like bodies, but which, Truscott 
(16) has already pointed out, when treated lacto-phenol, coalesce into one 
large globule. 


Ontogenetic Relations 

Early the investigation was casually noted the case tobacco that 
infection the endophyte occurred anywhere from the root tip the root- 
stem transition, whereas, strawberry, infection either the immediate 
region the root tip the root-stem transition was rare occurrence. This 
seemed interest that there was suggested the case strawberry 
correlation between infection and ontogeny the root. 


compost, 
days 
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critical examination 100 roots each host days old was made 
compare the distribution infection especially relation root tip and 
root-stem transition. The results obtained are shown graphically Fig. 
will observed from examination Fig. that tobacco not only 
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did tip infection occur but that the maximum the most distal infections, 
41%, occurred within the range mm. from the root tip and that only 
the most distal infections occurred within the range 15.0-17.5 mm. 
from the root tip. the other hand, the case strawberry, only 
single case tip infection was observed and the maximum the most distal 
infections, 18.7%, occurred within the range mm. from the root 
tip, with small percentage the most distal infections occurring within the 
range mm. from the root tip. 
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With regard the most proximal infections, examination Fig. will 
show that tobacco the maximum such infections, 43.7%, occurred within 
the range 0-2.5 mm. from the root-stem transition and that only 
these infections occurred within the range 12.5-15 mm. from the root- 
stem transition. the other hand, strawberry, the maximum the 
most proximal infections, 23%, occurred within the range mm. 
from the root-stem transition, while only occurred within the range 
27.5-30.0 mm. Between these two limits most proximal infection decreased 
direct proportion the increasing distance from the root-stem transition. 


From the above results would appear, then, that strawberry the 
regions both the root tip and the root-stem transition, tissues seedlings 
are resistant infection this fungus. tobacco, such regions free from 
infection not exist. reason for the apparent immunity certain 
regions the roots the case strawberry not known. possible, 
however, that some such correlation exists between ontogeny and infection, 
Fitzpatrick (5) has demonstrated the case infection peach leaves 
Taphrina deformans. 


should pointed out that the region intermediate between the most 
distal and the most proximal infections heavy infection usually occurred 
the roots both hosts. 


Morphological differences between the endophytes the two hosts 


Early the present investigation became apparent that certain morpho- 
logical differences existed between the organism noted tobacco and that 
observed strawberry. strawberry, when strand extramatrical 
mycelium comes contact with the surface the root irregularly shaped 
appressorium-like enlargement the mycelium very often develops (Plate II, 
Fig. 1). From the appressorium-like enlargement wedge-like hypha deve- 
lops, pushing its way between the epidermal cells (Plate II, Figs. and 2). 
From this advancing and penetrating hypha, mycelium develops which ramifies 
the outer cortical cells (Plate III, Fig. 4). Coiling mycelium these 
earlier invaded cells was not observed. the other hand, tobacco, when 
extramatrical strand mycelium comes contact with the surface 
the root, many cases such strand continues along the surface, intervals 
producing infection hyphae which penetrate the epidermal cells and which, 
instead ramifying all directions, the case strawberry, produce 
characteristic coils the invaded cells (Plate III, Fig. 3). From these coils, 
some which are also, formed the outer cortical cells well the 
epiderinal cells, hyphae ramify the underlying cortical tissues. 


the deeper cortical tissues the strawberry invaded this fungus 
characteristic paralleling intercellular mycelium was noted, which was 
lacking the corresponding tissues tobacco. further difference was 
noted the degree septation the mycelium. tobacco, septa were 
relatively much more frequent occurrence than strawberry (Plate III, 
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Figs. and papilla-like protuberances are frequently characteristic 
the mycelium the strawberry endophyte (Plate II, Fig. but were not 
noted the case the tobacco organism. 

The arbuscules the organism strawberry (Plate II, Fig. and tobacco 
are essentially similar but marked differences were noted the case the 
vesicles. The latter strawberry are essentially more less oval (Plate III, 
Fig. and, Truscott (16) has already pointed out, somewhat 
distorted the intercellular tobacco the vesicles are typically 
sphaeroidal (Plate III, Fig. Plate II, Fig. though this host well, 
irregularly-shaped vesicles are sometimes observed. Six hundred and seventy- 
seven vesicles tobacco were examined critically their shape. this 
number 474 (70%) were sphaeroidal, 125 (18%) were more less oval (in 
this respect resembling more closely those observed strawberry), and 
(11%) were irregular shape. The same number vesicles were examined 
strawberry and more than 95% were more less oval shape, the remain- 
der being irregular, conforming the configurations the intercellular 
spaces. Intracellular vesicles were much more frequent occurrence 
tobacco than strawberry. 

Regarding the parasitism this fungus strawberry and tobacco, 
should pointed out that while the latter host considerable necrosis 
tissue could correlated with the presence the endophyte, strawberry, 
the other hand, necrosis was seldom observed though depletion starch 
invaded cells was common occurrence. the cortical region tobacco, 
necrosis invaded cells was consistently observed cases where intracellular 
vesicles were present (Plate II, Fig. 6). 

summarizing the data presented the foregoing paragraphs believed 
that sufficient evidence has been presented warrant the view that the fungus 
which has hitherto been referred the 
fungus not specific entity but consists strains which can distinguished 
more particularly basis morphological differences. 


Discussion 


Eaton and King (4) their study the cotton root-rot fungus have 
recently pointed out, soil microbiology has been handicapped 
the lack methods which give true picture the numbers, activities and 
relationships the organisms under field believed that the 
technique described the present investigations promises not only assist 
overcoming the handicaps referred above, but permitting the direct 
observation sequence and relative degree infection, also contributes 
materially our knowledge two outstandingly important root-rot diseases. 
While the present studies were conducted the greenhouse there reason 
why the methods employed could not modified for studies root rots 
the same other host plants they actually occur nature. The method 
undoubtedly has its limitations since, for example, the organisms which can 
observed are for the most part restricted those which are pathogenic, 
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and thus impossible evaluate the relationship, antagonistic other- 
wise, existing between these pathogenic organisms and the numerous other 
micro-organisms the soil. Information regarding these relationships may 
obtained, however, supplementing the technique described the 
present paper with the method devised Cholodny (2) and used subsequently 
with some measure success Jensen (9), Eaton and King (4) and Demeter 
and Mossel (3). 

interest the present investigations the fact that the two character- 
istic types root rot, that is, one which chief primary causal organism 
recognized and the other which are undoubtedly number pathogenic 
organisms, the sequence and relationships which are not yet clearly 
understood, there surprising similarity regard the organisms en- 
countered. may mentioned here that incidental the present studies, 
the roots number other host plants affected with root rot, including 


tomato, lettuce and tulip have been examined microscopically and the 


complex picture involving infection the same very similar organisms 
was observed. The constant association similar organisms root rots 
widely different hosts would indicate that there certain rather limited 
microfauna and microflora concerned with root rots generally. The sequence 
infection the various organisms associated the complex and the 
evaluation their relationship not only one another but also the other 
micro-organisms concerned the microbiological equilibrium the soil 
remains for further research. 

the body the present paper considerable emphasis has been placed 
the mycorrhizal” fungus. believed, however, that 
such emphasis warranted view the fact that this fungus universally 
present the roots the two host plants under investigation. intensive 
study this fungus occurs these two hosts has revealed certain con- 
sistent morphological differences which point strongly the occurrence 
strains the organism. There the possibility, however, that such differ- 
ences have been observed may due the effect the host the fungus. 

The technique described the present paper seems especial value for the 
reasons that (1) quick, effective method readily adaptable the study 
root rots general, (2) permits study the sequence infection 
the organisms involved root-rot complex from the earliest stages root 
development, and, (3) reveals the occurrence within the root tissues 
obligate parasites, the presence which would never detected the soil 
plating, tissue isolation, Cholodny methods. 
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Fic. rootlet strawberry seedling infected with Rhizoctonia Solani. Note presence 
berry and tobacco, respectively 360). Fics. AND Orchid type Rhizoctonia 
cortical cells rootlets strawberry and tobacco, respectively. (X360). Thielaviopsis 
basicola infecting outer cortical cells rootlet strawberry seedling grown naturally infested 


seed-bed muck 360). 


“Phycomycetous fungus roots strawberry (Figs 1-4) and tobacco (Figs. 
and 6). (All 340). Fic. Early stage infection showing strand extramatrical mycelium 
and appressorium-like enlargement from which wedge-like penetrating hypha pushing its way 
(towards the left) between epidermal cells. Later stage infection. Note wedge-like 
penetrating hypha lower left. Fic. Later stage infection showing formation first 
arbuscules. Fic. Showing papilla-like protuberances commonly observed mycelium 
strawberry endophyte. Fic. Tobacco rootlet showing late stage infection. Note.typically 
sphaeroidal vesicles. Fic. cells tobacco rootlet showing necrosis correlated with 
presence intracellular vesicles. 


Photomicrographs showing outstanding morphological differences between the ‘‘phycomycetous 
endophyte observed the rootlets tobacco (Figs. and and strawberry 
and 4). Typical sphaeroidal vesicles tobacco endophyte 340). Fic. 
Oval-shaped vesicles typical strawberry endophyte 360). Fic.3. stage infection 
tobacco endophyte showing characteristic mycelium outer cortical cells. Note also 
presence septa 340). Corresponding stage infection strawberry endophyte 
Showing mycelium ramifying outer cortical tissues without coiling. Note absence septa 


340). 


PEACH CANKER INVESTIGATIONS 
INFECTION 


WILLISON? 


Abstract 


Two species Valsa have been isolated more less consistently from cankers 
various ages, and from twigs the peach. culture, one 
species, identified Valsa leucostoma (Pers.) Fr., hair-brown and has small 
dark pycnidia exuding cirri when mature. the host, its stroma compact 
texture, contains host cells and delimited beneath black zone 
carbonized fungal and host cells. Ascospores measure 10-17 
The other species, which has been assigned cincta Fr., whitish 
olive buff culture and has large light-colored pycnidia containing, though 
rarely exuding, spores. the host, the stroma cincta 
loose texture, contains host cells and delimited from the cortex the host 
thin, black zone, sometimes only marginal. Ascospores cincta 
measure 4-7 both species, the pycnospores range from 
length and win width. These organisms, along with Sclerotinia fruc- 
ticola (Wint.) Rehm., were used series infection experiments frequent 
intervals over period two years. Similar series checks were also provided. 
Periodical observations and measurements furnished detailed case histories 
all wounds concerned. cincta was found virulent 
able not only infect freshly made wounds during the late autumn, winter and 
spring, but also give rise perennial cankers. Infection with this organism 
rarely occurred during June, July and August. proved these 
experiments almost, not quite, incapable initiating cankers the 
peach. fructicola parasitized the tissues branches and produced con- 
siderable necrosis during the first three weeks after inoculation during the growing 
season. Subsequently the lesions proceeded The degree infection and 
the amount resultant necrosis wounds inoculated with fructicola during 
the dormant season were dependent upon the conditions temperature and 
humidity then prevailing. fructicola, while capable inducing lesions 
the stem, cannot regarded the cause typical peach canker. Some the 
infection the three organisms mentioned above are briefly 


the first paper this series (55), number factors contributing 
the occurrence canker peach trees the Niagara Peninsula were dis- 
cussed and was pointed out that the disease was due the activities 
fungous wound-parasite. The present article deals with infection experi- 
ments concerning three fungi, two which have been considered (23, 24, 28, 
35, 44, 51) the causal organisms peach canker and certain forms 
avoid confusion, attention directed present that 
phase the disease manifested cankers larger branches, leaving for 
future consideration the phase affecting twigs, and its relation the general 
subject 


Much has been written recent years concerning canker, gummosis, 
and kindred ailments the stone fruit trees. How- 
ever, the literature the subject large extent controversial, partly 
because the tendency seek common cause for these troubles the 
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various hosts, and partly because these terms are sometimes employed 
denote the same disease and sometimes entirely different ones. The following 
conclusions reached certain investigators will serve illustrate the existing 
confusion well the necessity both for further fundamental work and for 
the correlation and evaluation existing information. Pfeiffer (40) attri- 
butes gummosis peach, cherry, plum and apricot Saxony unfavorable 
cultural conditions rather than bacterial invasion. Shilberszky (46) con- 
siders the dying-off stone fruit trees due the obstruction con- 
ducting elements tyloses and gummification associated with 
enzymatic the physiological effects severe frosts, especially 
those late winter and spring, unfavorable soil conditions, deep 
planting. later paper, (47) extends the causes include wounding, 
incompatible stocks and parasitic infection, especially Clasterosporium 
carpophilum and Sclerotinia cinerea. the same time, claims have 
refuted the view that Cytospora spp. and Valsa spp. are implicated gummosis 
except trees already weakened from other causes. Czarnecki (14), Van 
der Meer (52), Dufrénoy (16, 17), and Joéssel (29) suggest that infection 
Verticillium spp. important factor the dying-off apricot and peach 
trees. However, Joéssel (29) and Joéssel and Bordas (30) consider that 
the disease associated with injuries and that only 
one several causes. Faes and Staehelin (21) have not far obtained 
evidence the pathogenicity species Clasterosporium, Monilia, Fusarium, 
and the dying-off apricots. the other hand, Rives (41, 42) 
has demonstrated that apricot may caused bacterial 
organisms. While Curzi (13) submits evidence wilting peaches due 
infection Phytophthora spp., Fusicoccum persicae cited possible 
cause twig cankers peach Overholts (39) and Nectria cinnabarina, 
apricot Dowson (15). 

The problem gummosis, canker, dying-off and/or 
stone fruits evidently one considerable complexity, presenting numerous 
phases, one more which have been investigated each the workers 
referred above. this point, might well reiterate that the causal 
factors applicable the disease complex one host are not necessarily 
applicable that closely related hosts. This idea has already been 
broached Miss Cayley (6) connection with the behavior Cytospora 
sp. and Diaporthe perniciosa stone fruits, and later Chabrolin (8) and 
Joéssel and Bordas (30) reference apricots. While 
peaches and apricots, the one hand, and plums and cherries the other, 
seem have much common this regard, specific differences should not 
overlooked. Regional variations climate, soil and forth should 
considered, they doubtless play their part determining the factor 
combination factors operative various districts. Thus, order 
able diagnose particular cases adequately and recommend suitable 
control measures, would seem necessary take into account all factors 
which might involved. 
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The almost constant association spp. and Valsa spp. with 
canker and stone fruits has led investigators consider that 
members these genera are the primary agents. Aderhold (1) was one 
the first prove that Cytospora spp. could become established dead areas 
cherry and thence parasitize healthy tissues. little later, Rolfs (44) 
succeeded infecting, cross inoculation, peach, plum, cherry, wild cherry 
and apricot with strains Cytospora and Valsa isolated from each these 
hosts. However, the times and methods his inoculations, and even the 
organism used, are not always clear. But other workers have not been 
satisfied that and canker are primarily due these organisms. 
Miss Cayley (6) demonstrated that Diaporthe perniciosa, though only weakly 
parasitic, was more vigorous than Cytospora spp. stone fruits, with the 
exception peach. After failing induce typical lesions plum with 
Cytospora spp., Wormald (57, 63) showed that Pseudomonas Mors-Prunorum 
was the cause canker, and frequently death, plum trees, although the 
lesions were soon overrun with Cytospora sp. Wilson (56) described similar 
bacterial canker plum, cherry, apricot and peach. the other hand, 
McCubbin (35) was able induce cankers the peach with organism 
designated Valsa leucostoma. introduced pieces the organism from 
cultures under V-shaped flap bark, and then covered the wound with 
cloth dipped grafting wax. also found that, artificially freezing 
tissue prior inoculation, infection was more easily achieved and the resulting 
damage greater. experiment, however, cannot taken proving 
anything more than the ability the Valsa sp. establish itself dead 
tissue. Togashi (51) accomplished similar results inoculating branches 
both peach and apricot with Leucostoma (Nitsch.) Togas’ 
(syn. Valsa leucostoma (Pers.) Fr.) and with Valsa japonica Miyabe 
Hemmi, way small cross slits cut with scalpel hot enough kill some 
the adjacent tissue. used spore suspensions inoculum, covered the 
wounds with moist absorbent cotton and paraffin paper for five days, 
the cotton daily, and afterwards painted the wound surface. Even with this 
method, was unable infect Terada plum and had only partial success 
with Golden Sugar plum. When cold scalpel was used for making the 
incisions, infeccion did not occur even peach (inoculated August 10, 1927). 
Unfortunately only one attempt was made with the cold scalpel, although the 
other method was employed eight experiments between May and 
Novemter 14, 1927. 

number recent papers, considerable evidence has been presented 
the effect that there marked seasonal variation the ability specific 
parasités infect the woody parts their host. the case wound-para- 
sites, infection occurs most readily during the dormant season. Brooks and 
Moore (4) showed that Stereum purpureum can readily attack fresh wounds 
plum any time except June, July and August. Wormald (63) found 
Pseudomonas Mors-Prunorum infecting plum most effectively during the 
period from October December but not all from April September. 
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Togashi (51) considered the critical period for infection the peach with 
Leucostoma Persoonii and Valsa japonica extend from the middle August 
the middle November. Homma (26) reported similar results for Camaro- 
sporium persicae peach and Prunus mume. Wilson (56) obtained more 
extensive bacterial cankers plum and cherry inoculating late 
and early spring, than did early autumn late spring. Curzi (13) found 
that Phytophthora spp. gained entry tissues during the dormant period, 
from October spring. way contrast, Koch (31) demonstrated that 
the critical period for infection plum twigs with Dibotryon morbosum 
limited May and June, the season most vigorous growth. 
however, exhibits highly specialized type parasitism which quite 
distinct from that the other organisms referred to. 


The Fungi 


the course the present investigations many isolations have been made 
from the internal tissues cankers various ages, and later, monospores 
from fruiting bodies appearing cankers and dead twigs. Predominant 
among the fungi cultured were two forms Cytospora, easily distinguishable 
culture, but separable only with difficulty the host. March 1931, 
with the discovery perithecial stromata the host, was possible 
identify these organisms the imperfect stages two species Valsa. 
One agreed closely with descriptions, Saccardo (45), Ellis and Everhart (18), 
and Togashi (50), (Pers.) Fr. The other has been tentatively 
designated cincta Fr. described Saccardo (45) and Ellis and Ever- 
hart (18). Both species have been isolated frequently from cankers several 
years’ standing, though very rarely from the same canker. the other 
hand, incipient cankers yielded cincta and leucostoma the ratio 
more than 20:1. Indeed, certain forms incipient canker, notably lesions 
the vicinity buds, contained only cincta, except few cases where 
other organisms such Alternaria spp. had become established the dead 
tissue. has also been isolated from incipient cankers the apricot. 

Valsa cincta and leucostoma are similar some respects, yet dis- 
similar others, that seems desirable point out the features which 
each can recognized. facilitate comparison, descriptive data are 
presented parallel Table this connection, should recognized 
that the object not much present complete description these 
species Valsa emphasize the salient differences between them. While 
the perithecial stromata cincta and leucostoma, virtue differences 
size ascospores, are readily distinguishable the host, the pycnidial 
stromata are not, and separation impossible the basis 
pycnospores. However, perithecial material not available, often 
the case, the distinctive characteristics the two organisms artificial 
media provide ready means either recognition confirmation 
identification other means. Rolfs (44) identified the organisms with 
which worked Valsa leucostoma var. rubescens, and leucostoma var. 
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separated the basis slight cultural differences and pycnospore 
sizes. His descriptions, indeed, support the idea that both were forms: 
leucostoma. his remark that ‘‘on peach and plum white, 
hairy pustules occasionally formed, which were first mistaken for perithecial 
stromata, but examination showed them pycnidial suggests 
that, times, did have cincta. 


TABLE 


COMPARATIVE DESCRIPTIONS Valsa cincta Fr. AND leucostoma FR., 
OCCURRING PEACH THE NIAGARA DISTRICT ONTARIO 


Valsa cincta Fr. Valsa leucostoma (Pers.) Fr. 
On nutrient media 


Surface of culture felty, white at first, later |Surface of culture suede-like, at first white, 
Tilleul Buff to Olive Buff (Ridgway), some- | later Hair-brown (Ridgway) or darker. 
times black in substrate. Very little aerial | Almost no aerial mycelium. Pycnidia 
mycelium. Pycnidia large (1-3 mm. in | small (1 mm. or less in diam.) rostrate, 
diam.) white, felty, rarely if ever exuding | usually dark, exuding cirri when mature. 
cirri, though usually full of viable spores. | (Plate I, Fig. 6.) 

(Plate I, Fig. 4.) 


Characteristics of cul- 
tures on potato-dex- 
trose agar (S% dex- 
trose) and on Leo- 
nian's* malt agar. 


Both organisms produce pycnidia more readily in cultures exposed to daylight than in 
those kept in the dark. 


On the host 


White at first, turning gray with age, 
frequently elliptical. Ostioles of peri- 
thecia, when present, central without 
regular order. (Plate I, Fig. 7.) 


Muddy gray, usually circular, ostioles of 
perithecia, when present, usually peripheral, 
frequently surrounding the mouth of a 
pycnidium. (Plate I, Fig. 1.) 


Erumpent disc of 
stroma. 


Dark ectostromatic tissue not well deve- 


Stroma Considerable dark ectostromatic tissue 
loped. Comparatively loose in texture. | beneath bark. Compact in _ texture. 
Host cells prevalent in stroma above pyc- | Host cells few or absent in stroma above 
nidium and perithecia. Separated from | pycnidium or perithecia. Separated from 
subjacent cortical tissue of host by thin | subjacent cortical cells of host by “black 
“black zone”’ of carbonized fungal and host | zone" of carbonized fungal and host cells, 
cells, sometimes only marginal. (Plate I, | usually well developed. (Plate I, Figs. 5 
Figs. 2 and 3.) and 8.) 

Pycnidia Multilocular with common ostiole. Definite | Multilocular with common ostiole. Defi- 
wall, outer layers usually not carbonized. | nite wall, outer layers sometimes carbon- 
(Plate I, Fig. 3.) ized on upper side of pycnidium, some- 

times confluent with stroma. (Plate I, 
Fig. 5.) 

Perithecia Usually globose, sometimes compressed | Usually spheroidal, sometimes compressed 
laterally. Circinate, frequently surround- | longitudinally. Circinate, usually not in 
ing a pycnidium. Whole perithecial stroma | same stroma as pycnidium. (Plate I, 
usually on larger scale than in V. leucostoma. | Fig. 8.) 
(Plate Fig. 2.) 

Pycnospgres (All spore measurements were made from fresh distilled water mounts from newly 
collected material.) 

Ascospores Allantoid 14-28 X 47 yw (occasionally | Allantoid 10-17 X 2-4.5 uw (mode 13 X 


longer). (Mode 20 X 3 


Leonian’s malt agar (32):— Primary potassium phosphate 2.4 gm.; magnesium 
1.2 gm.; peptone 1.2 gm.; maltose 12.5 gm.; malt extract 12.5 gm.; agar gm.; water 


ce. 


= 
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The reported pathogenicity Valsa under certain conditions 
(1, 11, 22, 35, 44, 51, 53) and the frequency the association Valsa 
cincta* with incipient cankers rendered necessary employ both species 
inoculation studies, especially preliminary trials had indicated decided 
difference their respective pathogenic capabilities. For several reasons, 
was considered advisable also, make parallel inoculations with Sclerotinia 
fructicola (Wint.) Rehm. (syn. americana (Worm.) Nort. Ez.), the causal 
organism brown rot stone fruits America. There numerous 
references (2, 10, 23, 24, 28, 33-36, 38, 43, 48, 49) twig killing and bark 
injury due this fungus, both peach and stone fruits, while other 
members the genus cause similar injury pome and stone fruits Europe 
and elsewhere (3, 12, 19, 20, 25, 27, 29, 37, 58-62). the course the 
present investigations many cases twig blight and injury following both 
Sclerotinia blight blossoms and brown rot fruit have been observed. 
1913, failing induce infection with Valsa spp., but succeeding with the 
brown rot organism, Jehle (28) came the conclusion that cinerea (Bonn) 
Schroet. (as was then designated America) was the cause 
canker peaches New York State. Indeed the disease has often been 
referred rot (33) observed the production 
conidia fructicola stem lesions during the second season, while 
Manns and Adams (36) and Berkeley (2) reported the over-winter survival 
blossom-blight cankers. the other hand there has been considerable 
evidence, (5, 35) that fructicola rarely, ever, able perpetuate cankers 
over number seasons. McClintock (34) 1929 failed discover any 
conidia blossom-blight cankers their second year. Roberts and 
Dunegan (43), after six years’ experience, found that while the fungus 
alive over winter certain percentage cankers each year, conidia were 
not produced (with one exception). They not mention the enlargement 
blossom-blight cankers during the dormant season following infection. 

means repeated sub-culturing Leonian’s malt agar (32) single 
strain each the organisms, Valsa leucostoma, cincta and fructicola, 
was used throughout the entire series inoculations described below. The 
culture leucostoma came from single pycnospore but was indistin- 
guishable from cultures ascosporous origin. The culture cincta 
originated from single ascospore, while the strain fructicola employed 
here was isolated from the wood branch beneath brown rot mummy. 
Because the differences the time factor involved the produ:tion 
pycnidia, one hand, and hyphomycetous conidia the other, the cultures 
the Valsa spp. were from six ten weeks old, while those fructicola 
were approximately two weeks old when used for inoculation. provide 
inoculum, spore suspensions leucostoma and fructicola were easily 
obtained shaking tube cultures covered with sterile distilled water, but 
the case cincta, the pycnidia had sliced with sterile scalpel order 
liberate the pycnospores. 


According (47), Dr. Schellenberg considered Valsa cincta responsible for 
die-back peach. However, all efforts trace this reference have far proved 
impossible give the citation here. 


WILLISON: PEACH CANKER INVESTIGATIONS 


Methods Inoculation 


Commencing August 24, 1931, successive series inoculations were made, 
trees the Elberta variety, fortnightly intervals until August 12, 1932. 
From then until October 1933, the experiment was continued with the inter- 
vals ranging from one week, critical times the year, toone month. Thus 
the complete experiment covered slightly more than two calendar years and 
comprised series. Each series consisted four sets, one for each organism 
and one for check, distributed one set per tree. The technique was far 
possible uniform throughout, that the variable factors were limited, 
the main, developmental the host, and meteorological con- 
ditions the time inoculation well unavoidable differences the 
trees themselves. The duration the experiment through two complete 
growth cycles made possible check considerable extent the effects 
the host phase the time inoculation. The comparatively large number 
series tended both provide wide range weather conditions and 
minimize the effects differences host material. There remains, course, 
the possibility decline the virulence the fungi result repeated 
sub-culturing artificial media. However, any such loss pathogenic 
ability occurred, was slight imperceptible. 

The procedure followed during inoculation was simple. For each set, five 
branches, usually different ages and sizes, were surface sterilized for 
distance about four inches brushing thoroughly with tooth brush 
dipped 500 solution mercuric chloride. These areas were then 
washed with stream freshly distilled water. small piece tissue, 
approximately one and half one-half inches, was then removed from each 
such manner that the long axis the was parallel that the 
branch. cold scalpel, sterilized with mercuric chloride and wiped with 
clean cloth, was used make the incisions. Several drops inoculum were 
then placed the newly made wound means medicine dropper. 
approximate natural conditions closely possible, all wounds were left 
exposed the weather. The obvious advantages the absence protective 
wrappings were considered offset the possibly enhanced likelihood 
chance infection and contamination. However, the non-inoculated wounds 
not only provided check for this point but also served indicate the behavior 
uninfected wounds. During the first year (Series 25) each set also 
contained five pruning cuts, made without previous sterilization and inocu- 
lated the same manner the other wounds. part the second year 
(Series 45) single slit, also about inch and half long but involving 
removal tissue, was substituted each set for one the 
described above. All wounds Series were slits. 


Observations 


preserve the identity the wounds for purposes observation, each 
one was labelled with identifying tag and its location indicated 
diagrammatic sketch the tree concerned. The original size each wound 
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The latest observations and measurements were taken October November 


1934 that the history the earliest series has been closely followed for 


three consecutive years and that the latest for one year. 


Fig. indicates 


The data thus obtained are assembled Figs. and 
for each set inoculations the percentage wounds (i) increasing size 


during the season which inoculation took place, (ii) enlarging active 


cankers during the dormant season removal, (iii) enlarging 
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ments, except the case the earlier removals, appear above the base line 
while healed wounds and removals appear below. The measurements 
wounds the first type the preceding section are summarized 
Figs. Data relevant the measurements the pruning wounds 


slightly, but not cankered during (iv) completely healed November 
have not been considered, the first place, because was thought advisable 


1934, and removed prior November 1934. avoid confusion 


deal only with comparable wounds throughout, and, 
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necrosis advanced much greater rate the ends 


the wound parallel the long axis the branch, changes the length 
wounds were chosen criteria for determining the progress infection. 
Thus, each point the various curves indicates the average length given 


ounds agreed essence 
set wounds the stated time, minus the average original length the same 


because the behavior the pruning 


represented here. 


consequence, the base lines represent average original lengths; 


wounds. 


dinates, enlargements; and negative ordinates, decrease size. 
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For any one set inoculations, the temporal sequence shown, some- 
what arbitrary fashion, placing each successive measurement regular 
interval the right the preceding one. Consequently, the behavior 
each set inoculations portrayed curve the upward tendency which 
denotes necrosis and the downward tendency, healing. those cases where, 
avoid overlapping, the final reading has been omitted, that reading 
the same the last one which appears. 

With these points mind, even cursory glance these figures reveals 
fundamental differences the reactions not only the two Valsa species 
but also Sclerotinia fructicola. Both the high percentage active cankers 
developed wounds inoculated certain seasons the year and their 
conspicuous and usually progressive enlargement are ample evidence both 
the virulence cincta under the conditions the experiment and its 
ability cause perennial cankers. the other hand, leucostoma may 
considered either non-pathogenic best extremely weak 
wound-parasite. the basis active cankers produced, fructicola 
appears rank with leucostoma, but the history the wounds inoculated 
with the former organism reveals its strong though unsustained parasitic 
tendencies. 

Discussion 


interest with the present investigation, close scrutiny 
Figs. and will show, that infection with cincta occurs most 
readily during the dormant season and for about six weeks before leaf fall, 
but only occasionally, all, during the height the growing season, 
(compare Plate II, Figs. and Plate III, Figs. and with Plate III, 
Fig. For period the late fall and early winter, determined largely 
temperature conditions, cincta able, shortly after inoculation, cause 
visible damage, which progresses more less steadily during the winter 
(Series 2-7, 26-28, Figs. and 3). the fall 1931 this period lasted 
until November during which time the mean daily temperature was usually 
well above 45° and sometimes high 60° weather conditions 
prevailing for the corresponding season 1932 were not favorable for 
the fungus, the mean daily temperature except for few brief intervals, 
did not rise above 45° after October (Series 29, Fig. 3). the winter, 
when the mean temperature remained lower than 40° F., necrosis did not 
appear until the advent warm weather the spring (Series 8-13, 29-34, 
Figs. 3). This phenomenon probably due the inactivity the host 
rather than that the fungus since there was more less steady decline 
the initial amount necrosis successive sets inoculations (Series 8-17, 
32-35, Figs. 3). Moreover, Togashi (51) has demonstrated that internal 
temperatures peach branches winter frequently are considerably higher 
than the air temperature and often much above 32° Thus may 
argued that, spite generally unfavorable conditions and the consequent 
slowing down fungal growth, opportunities are afforded during the winter 
months for spores germinate and for the fungus establish itself the 
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host. logical, therefore, that the great extension lesions during March 
and April the result partly the rapid growth the fungus under the 
stimulus more favorable temperatures and partly the greater enzymatic 
activity the host, inducing the discoloration which differentiates the infected 
from the healthy tissues. also reasonable suppose that the amount 
necrosis occurring this time depends upon the foothold gained the fungus 
during the winter, which turn depends upon both the length time and 
the conditions since inoculation. The discrepancy apparent the behavior 
cincta Series and (Fig. may part accounted for the 
fact that, reason certain cultural practices (55), the trees involved were 
somewhat slower growing and hardier than those used the subsequent 
series. Series 31, (Fig. 3), already noted, all wounds were slits which 
reacted somewhat differently than did the regular type wound. 

The failure infect peach branches during large part the 
growing season may explained the interaction three main factors, 
temperature, condition the host, and the parasitic capabilities the fungus. 
There doubt that this organism unable infect actively growing host 
tissue, but there reason believe that can successfully attack mature, 
healthy tissues since invasion callus late atuumn has been observed 
numerous older cankers, natural and artificial, during the present investi- 
gations. Consequently, during the period active growth when callus 
being rapidly formed, the canker decreases size but the fungus able 
advance the underlying woody tissues, hampered, true, the presence 
wound gum the vessels and times temperatures adversely high (54). 
Now, freshly made wound inoculated early the growing season and 
conditions are suitable, cincta sometimes able invade the wood, 
although there may little external evidence infection the time. Soon 
the growth the fungus retarded both the deposition wound gum 
the host and rising temperatures, while the development the callus 
reduces the size the wound. If, however, the fungus has succeeded 
establishing itself, invades the callus during the subsequent dormant season 
and canker makes its appearance year after infection actually occurred 
(Series 17, 18, 20, 21, 38, Figs. and The spring 1932 was evidently 
favorable for infections this sort while that 1933 was not. The under- 
lying reason obscure but the shape the curves indicates the healing 
new wounds proceeded greater rate the latter year (compare all sets 
Series 15-20 with those Figs. and 3). also probable that 
the extreme heat combined with drought the summer 1933 did not 
permit appreciable growth cincta, especially recent imections. 
would appear that, the spring, there delicate balance between conditions 
favoring the growth the fungus and promoting infection and those favoring 
the host and tending prevent infection. During June, July and August 
the balance decidedly favor the host (Series 42-44, Figs. 
and the wound-gum barrier, which other times can pene- 
trated cincta (54) appears effective against the slowly growing 
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pathogen which fails secure foothold. September and early October, 
before leaf fall, when prevailing temperatures are closer the optimum for 
the fungus, infection again possible. that time, the host able form 
only small amount callus but wound gum still appears, that the spread 
the fungus through the tissues less rapid than when infection occurs after 
leaf fall when the production wound gum negligible (54), and low tem- 
perature not limiting factor (compare Series 26, with Series 
and Figs. and 3). 

those series where partial healing the lesions during the growing season 
alternated with further enlargement during the dormant season (Series 2-4, 
11-18, 20, etc., Figs. and 3), only few the inoculated branches 
became girdled. However, where the majority were killed cincta 
(Series 15, 32, Figs. and progressive increase the size lesions 
was observed throughout the year, although the rate increase was usually 
less during the growing season than during the dormant season. many 
instances (e.g., Series Fig. the canker spread down the girdled inoculated 
branch and produced lesion one side the parent branch (Plate II, 
Fig. 1). Girdling was determined partly the size the branch involved 
and partly the season during which infection occurred. 


leucostoma 

The curves (Figs. and illustrating the behavior wounds inoculated 
with leucostoma are remarkably uniform general character, and with the 
exception greater initial increase size several instances, are very similar 
corresponding curves for check wounds, (see also Plate II, Figs. and 
8). This may taken evidence that leucostoma comparatively in- 
nocuous, although the initial spread suggests that this organism may 
mild irritant. Indeed, this fungus has been re-isolated six eight months 
after inoculation from wounds showing little, any, necrosis. true that 
number active cankers have appeared, but any set except Series 
(see Fig. least 60% the wounds remained healthy (see also Figs. 
and Series 24, 25, where the dotted line represents the average both 
cankered and healthy wounds and the solid lines, healthy wounds only). 
Moreover, 62% the sets cankers were formed. Consequently, even 
conceding that leucostoma gave rise all the cankers that did appear, 
which was not the case since some them least were proved isolations 
due sporadic infection cincta, the ravages the former organism 
cannot considered being very serious. 

The evidence presented above regarded sufficient warrant the 
view that leucostoma not capable acting primary parasite causing 
peach canker, but not eliminate altogether the possibility that leucostoma 
may, under other circumstances, infect the peach and become factor the 
production cankers. The work McCubbin (35) and Togashi (51) 
suggests that, given tissue which can become established saprophyte, 
this organism may subsequently become active parasite and invade healthy 
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tissues. leucostoma has been isolated from peach, and its fruiting bodies 
occur thereon, can evidently live that host. However, the fact remains 
that primary cause canker much less significance than cincta. 


fructicola 

The parasitism exhibited fructicola falls into category quite 
distinct from that cincta. Unlike the latter organism, fructicola 
attacks the bark and wood peach most readily during the growing season 
and its spread through infected tissues very rapid. Fom May 
this organism accomplishes its work within period three weeks, most, 
after inoculation. This period corresponds with the time the 
host lay down wound periderm and produce wound-gum barrier (54), 
both which seem adequate delimit the fungus. After the cessation 
the activity the fungus the history the lesions was identical with that 
the checks, and many cases (Series 16-24, 35-43, Figs. and considerable 
decrease size occurred before the onset the first dormant season. From 
October April, when the host inactive, fructicola seems able 
spread through the host tissue rate limited mainly the prevailing 
temperature. This accounts for the large amount necrosis Series and 
the fall 1931 (see Fig. and Plate II, Figs. and when temperatures 
were relatively high throughout November. the fall 1932 (Series 
and 28, Fig. low temperatures after leaf fall evidently restricted infection 
the fungus (Plate III, Fig. 5). 

While temperature may sometimes the limiting factor, not the only 
one which determines the rate spread fructicola. There some 
evidence that humidity plays important part this connection. For 
example, Series (Fig. 2), the relative humidity was comparatively high 
(mean 82%) for the first day after inoculation, but the mean tem- 
perature was below 40° and the sky overcast that branch temperature 
would approximate air temperature (51). Then when the temperature rose 
the point where the fungus could grow, the humidity dropped (mean 59%). 
Later, when neither factor was limiting, periderm formation and wound-gum 
production had advanced sufficiently delay the progress the pathogen. 
Likewise Series (Fig. 2), while temperatures were favorable, humidity 
was low (mean 57%) and necrosis was slight. Series 18, and (Fig. 2), 
however, where necrosis was severe, the mean relative humidity for the first 
ten days each case was and the temperature well atove 45° F., 
except for the first three days Series 18. Series (Fig. 2), although 
the mean temperature was for the most part adversely low, there was 
period about hours during the second day when both temperature and 
humidity were favorable and the fungus evidently was able gain entry. 
The absolute figures for relative humidity given above are not themselves 
especially significant, but they serve indicate periods drought damp- 
ness, confirmed the continuous records humidity. the spring months, 
the succulent nature the actively growing tissues would seem conducive 
the growth the fungus, once infection had occurred. the height 
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the summer, when tissues were firmer and branch temperatures higher and 
probably above the optimum for fructicola, especially sunny days, there 
was less necrosis. This unfavorable set conditions was all probability 
supplemented also the extreme diurnal fluctuations humidity character- 
istic summer weather. any case series inoculated during the summer 
months 1932 and 1933, the least necrosis was coincidental with the highest 
mean temperature for the critical 10-day period following inoculation (Series 
and 43, Figs. Series the amount damage was also small, 
but here rainfall one and one-half inches during the first hours may 
conceivably have washed off much the inoculum. Again, during the winter 
1932-33 the open wounds increased size much less extent than the 
slits. seems reasonable suppose that this difference behavior was 
due large measure greater tendency the part the larger wounds 
dry out. 

The percentage active cankers appearing after inoculation with fruc- 
ticola (4.6%) was somewhat lower than the case (6.8%) 
and slightly greater than the case checks (2%). These differences are 
scarcely significant except for the suggestion that delay healing and the 
presence necrotic tissue may provide more opportunity for natural infection 
with canker-producing organisms. There doubt that the active cankers 
which developed both the series involving fructicola and the checks 
were due contamination, valsoid pycnidia were almost invariably present. 
Here also re-isolations yielded Valsa cincta. Although Series (Fig. 
fructicola was credited with 100% active cankers the spring 1934, this 
was undoubtedly due the late date which infection took place 1933. 
However, according the criteria the expectation that the future history 
this series will not different from that earlier ones. 

There disputing the fact that some cankers the peach, their 
incipient stages, may caused infection with fructicola, but these 
experiments clearly demonstrate the invalidity the term “brown rot 
applied peach cankers, especially they are perennial. 
nature, fructicola gains access the twig, not solely least chiefly, 
through blighted blossoms and rotting fruit, but since the majority cankers 
are found originate other points (55), then fructicola can regarded 
responsible for only relatively small number cankers. Undoubtedly 
the lesions initiated fructicola are subject infection with canker- 
producing organisms, for example Valsa cincta, any other sort wound, 
but unless such infection occurs they are not likely become typical peach 
cankers. 


Checks 

considering the check wounds, two three points interest may 
noted. general, the growth callus seems somewhat slower 
wounds made early the dormant season than those made spring. The 
exposed tissues the former tend dry out during the winter months 
the slight enlargement such wounds indicates, while the latter the 
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healing processes become operative very soon after wounding. most 
instances, also, the rate closure was greater during the first growing season 
after wounding, during which time the wounds the larger, more vigorously 
growing branches became almost, not completely, healed. rule, the 
growth callus was least the direction parallel the long axis the 
branch and greatest right angles, that say, the wounds were over- 
grown the callus developing along their sides rather than their ends, 
decrease length was achieved largely the meeting the lateral calli 
the ends the wounds. Consequently, large decreases during the second 
growing season (as cincta 22, 23, 40, fructicola 27-29, 36, 42-44, 
and checks 20, and 24, Figs. and not denote rapid healing that time 
much the meeting lateral calli wounds which were almost closed 
and therefore long and very narrow the end the first growing season. 
The callus development wounds smaller branches varied with the growth 
rate the branch, that some cases, where the growth the branch was 
negligible, little change occurred the size the wound. Such cases became 
apparent horizontal tendency the curves, the portion covering the 
third growing season (Series Figs. and 3). 

conclude, convincing evidence has been obtained that, far peach 
canker concerned, the fungus herein designated Valsa cincta itself 
quite capable acting primary causal organism infecting fresh wounds, 
well successor lesion-forming pathogens such Sclerotinia fructicola. 
either case, the important factor the production perennial cankers. 
leucostoma, the other hand, relatively unimportant primary 
parasite, whatever role may assume under other circumstances the later 
stages the disease. However, should emphasized that, while there 
doubt the major significance the Niagara Peninsula 
Ontario, claim made that this organism the only pathogen concerned 
the formation perennial cankers the peach. 
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PLATE 


Fics 4.. Valsa cincta. Valsa leucostoma. Erumpent 
discs perithecial stromata. AND Median sections through perithecial stromata. 
Fics. AND Median sections through pycnidial stromata. Fics. AND Cultures 
agar. Magnification photomicrographs approximately diameters. Cultures 
natural size. 


Typical wounds from series made and inoculated October 19, 1931; photographed, June 19, 
1933. Valsa cincta, three badly cankered lesions. Fics.3 With 
leucostoma, one healed and two still open but not cankered. Fics. With fructicola. 
Note extent original necrosis, followed healing. Checks, one healed and one 
open wound. Arrows, where present, indicate size wound. 


III 


Typical wounds, photographed June 19, 1933, comparing effects inoculation growing and 
dormant seasons. fructicola, Series 20, inoculated May 30, 1932. Fics. 
cincta, Series 23, inoculated July 11, 1932. Fic. fructicola, Series 33, 
inoculated Dec. 1932. Fics. AND cincta, Series 33, also inoculated Dec. 1932. 
Note: necrosis occurred and but not 3,4 and Arrows where present, indicate 


original size wound. 


FLAX STUDIES 


THE RELATION BETWEEN WEIGHT PER MEASURED BUSHEL, WEIGHT 
PER THOUSAND KERNELS AND OIL CONTENT 


Abstract 
Determinations test weight per bushel, weight per 1000 kernels and oil 
content made 146 samples Western Canadian flaxseed, 119 which graded 
No. C.W., No. C.W. and No. C.W., revealed that while the grades 
were differentiated regard test weight per bushel and weight per 1000 
kernels, the mean oil contents for the three grades were not significantly dif- 
ferent. Test weight per bushel little significance index oil content. 
the degree association weight per thousand kernels with oil content 
somewhat closer, not sufficiently high permit satisfactory prediction 

this variable. 

Introduction 

the inspection and grading the cereal grains, the primary object 
classify the product into groups differing quality regard suitability 
for the particular purpose which tended serve. Since chemical deter- 
minations are most instances impractical owing the time, the cost, and 
the volume work required, necessary practical grain grading 
utilize certain physical characteristics which can readily determined 
estimated. the grading flaxseed Canada and the United States, test 
weight per bushel, content damaged seeds, presence foreign material, 
and moisture content are the principal factors employed. Since linseed oil 
the most valuable product obtained from flaxseed, the grading factors 
should reflect the quantity and quality oil the seed. 1927 Coleman 
and Fellows (1) reported the results study the relation between oil 
content flaxseed and such variables test weight per bushel, size seed, 
moisture content, damaged and foreign seed content, and found that the oil 
content was not closely related the percentage certain types damaged 
kernels nor test weight per bushel. These workers reported, result 
examination some 2000 samples flaxseed, that test weight per bushel 
little significance index oil content, the mean oil contents for 
samples weighing from Ib. per bushel being practically equal, although 
there appeared tendency for samples high test weight contain 
less oil than those lower weight. 

Preliminary experiments undertaken this laboratory indicated that the 
weight per 1000 kernels more closely related the oil content flaxseed 
than test weight per bushel, which led the study the relation between 
weight per thousand kernels, test weight per bushel and oil content flax- 
seed reported this paper. 
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Experimental 


The experimental material consisted 146 samples Western Canadian 
flaxseed taken from cars sampled the Winnipeg Inspection Division, during 
the past two crop years. The production flaxseed Western Canada has 
fallen such low level that was found difficult secure many samples, 
particularly the grades lower than No. the total 146 samples 
collected, 119 graded No. C.W., No. C.W. and No. C.W. 
However, these represented approximately 40% the combined Western 
Canadian crop inspected Winnipeg for the two crop years, and hence 
may regarded fairly representative. 

Foreign material was removed from the samples means Perkins 
flax cleaner, and the cleaned seed employed for the analytical studies. Test 
weight per bushel was determined duplicate means Imperial pint 
pint bucket, Cox funnel being used, and the seed weighed with weight 
per bushel balance. the samples had been stored the laboratory for 
several weeks, their moisture contents were practically identical (approxi- 
mately 5.0%). any event, Coleman and Fellows (1), have shown that, 
compared with other cereals, variations the moisture content flaxseed 
have little influence test weight per bushel. 


TABLE 
STATISTICAL CONSTANTS 


Standard deviations Coefficients of variability 


Oil Wt. per 
cont. | bushel, 
(x) 


All grades 


Variance between grades 
(F) 14.00 3.77 


Variance within grades at 5% pt. F. = 3.06 


Simple correlation coe ficients 


Correlation 


Wt. per bu. (x) oil content (s) 
Wt. per 1000 kernels (y) oil content (s) 
Wt. per bu. (x) wt. per 1000 kernels 


Means 
1000 1000 1000 
No. samples | bushel, cont. | bushel, cont. 
(x) kernels, kernels, (s) (x) kernels, (s) 
(y) 

119 54.52 5.287 40.76 1.29 0.950 1.52 2.4 18.0 3.7 

16 50.04 4.817 41.47 2.23 0.436 1.52 4.4 8.8 3.7 

il 48.50 4.714 40.65 1.78 0.674 2.14 3.7 14.3 5.3 

FY 146 53.58 5.192 40.83 2.48 0.912 1.58 4.6 17.6 3.9 

1.51 
All 

grades 


GEDDES AND LEHBERG: FLAX STUDIES 


determining weight per 1000 kernels, 500 kernels were counted out 
random, duplicate, weighed +0.01 gm. and the results computed 
dry matter basis. Oil content was determined duplicate the ethyl 
ether extraction method outlined the second paper this series (2). 

The statistical constants computed the means the duplicate values 
for weight per bushel, weight per 1000 kernels and oil content, recorded 
Table summarize the results obtained. From the mean values these 
variables and the values for the ratios the variances contributed 
the differences between grades the corresponding variances between the 
samples within the grades, will noted that, while there significant 
decrease test weight per bushel and weight per 1000 kernels with decrease 
grade, the mean values for oil content are not significantly different. The 
simple correlations reveal that grade No. C.W. there slight tendency 
for high oil content associated with low test weight per bushel, although 
such relation does not exist for the other two grades. the other hand, 
weight per 1000 kernels positively correlated with oil content, and the 
correlations are higher order magnitude than those involving test 
weight per bushel. However, the degree association not sufficiently 
high permit satisfactory prediction oil content its use; moreover, 
the determination laborious and for this reason alone, weight per 1000 
kernels unsuitable grading factor. 

The results this limited series samples Canadian flaxseed fully 
confirm the observations Coleman and Fellows (1) that weight per bushel 
little significance index oil content, and indicate the necessity 
developing convenient and rapid method for estimating oil content the 
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FLAX STUDIES 


II. IMPROVED REFRACTOMETRIC METHOD FOR ESTIMATING 
THE OIL CONTENT FLAXSEED! 


Abstract 

The method proposed Coleman and Fellows, based upon the change 
refractive index halowax, impure substituted monochlornaphthalene, 
dilution with linseed oil extracted from the ground sample, improved drying 
the sample before extraction, grinding Hobart mill, filtration for minutes, 
and the use special refractometer with illumination watt light. The 
use cc. solvent and extraction 70° was confirmed. The correlation 
between halowax extract scale reading and oil content determined ethyl 
ether extraction was 0.95; the standard error prediction oil content the 
refractometric method was 0.59%. The refractometer readings were not 
appreciably affected variations the refractive index linseed oil deter- 
mined the ether extract. The correlation between the refractive index and 
the iodine value the ether extract was 0.70 with standard error prediction 


3.1 units. 
Further improvement obtained the use solvent consisting approxi- 


mately 50% volume halowax and which gives stan- 
dard error prediction 0.39%. slight changes the proportions, the 
refractive index this solvent may adjusted constant value, permitting 
the use permanent conversion chart. Addition anhydrous sodium sul- 
phate during the extraction obviates the necessity preliminary drying. With 
the modifications indicated, the method suitable for routine determinations 


large numbers samples. 
Introduction 


the first paper this series, Geddes and Lehberg (4) reported that neither 
test weight per bushel nor weight per thousand kernels was any practical 
utility measure the oil content Canadian flaxseed. The conventional 
chemical methods for determining the oil content flaxseed, involving 
extraction with solvents, pointed out the previous paper, are not appli- 
cable for routine grading purposes and the experiments reported here were 
accordingly undertaken investigate the possibility rapid optical method. 


The use optical method for the measurement the oil content oil- 
bearing seeds was first proposed 1920 Wesson (5), who developed 
refractometric method for cottonseed meal and cottonseed meats. This 
method based upon the change the refractive index solvent known 
commercially halowax, impure substituted monochlornaphthalene, 
became diluted with cottonseed oil extracted from the sample. This solvent 
well suited test this nature, since essential, order secure 
the greatest accuracy, that the indices refraction the vegetable oil and 
the solvent should differ widely. Halowax oil has refractive index 
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1.635 25° C., which considerably higher than the refractive indices 
the vegetable oils. Other fundamental requirements suitable solvent 
which are possessed halowax are that should non-volatile, non- 
inflammable, inexpensive, and possess low coefficient expansion. 


Working with cottonseed meal, material low oil content, Wesson found 
his method gave values good agreement with those obtained the 
usual ether extraction method but the cottonseed meats, which are 
higher oil content, the agreement was not satisfactory. Coleman and 
Fellows (1, accordingly made study the method and introduced certain 
modifications technique render the test applicable the estimation 
the oil content flaxseed and other oil-bearing seeds. Their technique for 
flaxseed consisted triturating gm. the finely ground sample 3-in. 
porcelain mortar previously heated 70° with cc. halowax and gm. 
fine sea sand for least min., filtering and determining the refractive 
index the filtrate 25° with Abbé refractometer, instrument 
which could read the fifth place. The refractive index found was 
converted oil content means conversion table prepared adding 
definite amounts petroleum ether extract flaxseed known quantity 
halowax oil and noting the refractive indices the solutions. The relation 
between the change the refractive index halowax oil and the linseed oil 
content the solution was found linear, each linseed oil present 
reducing the refractive index the solvent 0.00191 units. The method 
was applied the analysis 120 samples flaxseed and the results compared 
with those obtained the A.O.A.C. petroleum ether extraction method. 
The greatest individual variation found was 0.33%, while the oil content 
80.8% the samples tested agreed within +0.2%, and 45.8% within 
+0.1% the two methods. The average deviation between the results 
the two methods has been computed the present authors and found 
0.12%, while the standard deviation the differences was 0.08%. 


preliminary tests this laboratory, the application the refractometric 
method, described Coleman and Fellows (2), the estimation the 
oil content Western Canadian flaxseed, did not give results satisfactory 
agreement with the ether extraction method. these studies, the samples 
were weighed out dry matter basis and the presence varying amounts 
moisture was found introduce serious errors due cloudy filtrates, 
which made reading difficult, and probably also interference with 
the efficiency extraction the linseed oil the solvent. Considerable 
improvement was obtained removal moisture before trituration with 
halowax, thus eliminating the formation emulsions, but seemed essential 
that refractometer capable being read accurately the fifth decimal 
place employed order the accuracy the method within desir- 
able limits. Moreover, the method employed Coleman and Fellows 
preparing the conversion table based the assumption that the linseed 
oil extracted halowax corresponds refractive index that obtained with 
petroleum ether. While presumed that the petroleum ether extract used 
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was composite from several samples, thus taking into consideration variations 
the refractive indices linseed oil from different samples, would seem 
preferable determine the oil content and refractive index halowax 
extract series samples and prepare conversion table the basis 
the regression oil content refractive index. 

view these considerations, the study reported here was undertaken 
with the object developing more satisfactory refractometric method for 
estimating the oil content Canadian flaxseed. 


Experimental 


For the purpose this study special refractometer, constructed the 
Zeiss Company according specifications supplied the laboratory, was 
obtained. This instrument, shown Fig. combines the dipping tube and 
eye piece with the Abbé water-jacketed head. Three prisms are provided, 
the measuring range each covering individually the refractive index limits 
linseed oil, halowax, and the linseed-oil-solvent mixtures follows: 


Scale Reading Refractive Index 
—5.0 +105.0 1.46514 1.48986 
+105.0 1.62191 1.65303 
—5.0 +105.0 1.62438 1.58908 


thus limiting the range each prism head, greater degree accuracy 
obtainable; the accuracy with which the arbitrary scale values the 
instrument may read corresponds determination refractive index 
the fifth decimal place, and interpolation the sixth place. 

Preparatory the analysis series samples flaxseed, seemed 
advisable first study the influence such variables fineness grind, 
flaxseed-solvent ratio, temperature and time extraction, and light source, 
the results the refractometric method. 

regard light source, daylight did not give sufficiently sharp line 
demarcation permit accurate readings being made, while sodium light and 
that given watt, inside frosted, incandescent, electric light bulb were 
equally satisfactory; for practical reasons the latter was employed. 

Tests conducted with samples ground different degress fineness showed, 
pointed out Coleman and Fellows (1, 2), that uniformity grinding 
essential for consistent results. workers recommend grinding 
experimental flour mill, fitted with in. rolls, corrugated the inch 
and operated differential our hands, this method did not 
give uniformly ground product, the pulp tending remain the corrugations 
and accumulate the housing beneath the front roll, rendering cleaning 
the mill between samples tedious and difficult. result pressure, the 
pulp which the corrugations very oily and the portions 
this which become detached not mix readily with the more floury portions 
the pulp. The grind that could obtained the most uniform manner 
without any appreciable day-to-day variation was fine pulp grind obtained 


GEDDES AND LEHBERG: FLAX STUDIES 


the Hobart Model burr mill (equipped with stationary burr No. 4317, 
No. R.N. Sta. MCH No. and rotary burr No. 4318 No. P.H. 
Rot. MCH No. PG), with setting from 5.0 5.5. 

Owing the nature the material, measure the fineness grind, 
means sieving, cannot obtained without first extracting the oil. The 
results 


tests the residues after TABLE 


TYPICAL SIEVING TEST ON ETHER-EXTRACTED 


extraction with ethyl ether 
are shown Table 
the Coleman and Fellows Flour silk Meshes per Weight 


method, gm. ground flax- No. square inch retained 


seed extracted with cc. 


effect variations oil-sol- Total 49% 


vent ratio, conduct the ex- Total passing through No. 59% 
well 70° since, satisfactory results could obtained the lower 
temperature, the test would considerably simplified. Five samples 
flaxseed, ranging oil content from approximately 38% 43% were extracted 
24° and 70° respectively, using and cc. halowax and gm. 
moisture-free flax pulp. Quadruplicate extractions were made for each tem- 
perature and solvent-oil ratio and quadruplicate readings each extract. 
statistical study the resulting data indicated that extraction 70° 
gave much better differentiation between samples than extraction 20° 
Also cc. solvent gave the greatest range between samples with the minimum 
variability within replicates, the results therefore confirming the conditions 
selected Coleman and Fellows regard these particulars. 

While variations maceration time from min. were found 
without any significant influence the refractive index readings, investiga- 
tion showed that the first few drops the filtrate were not representative 
the extract, the best results being obtained with filtration time approxi- 
mately min., sufficient time also being allowed for the filtrate acquire 
the temperature the prism, 25° C., before taking readings. 

essential requirement for accuracy and rapidity conducting refracto- 
meter readings the provision convenient and reliable constant tem- 
perature coatrol. Early tests were made using the hanging wall-tank and 
gas-heated coil apparatus, but this method was abandoned owing its lack 
efficiency. The present equipment, shown Fig. consists constant 
pressure tower fitted with valve regulate the flow water through water- 
cooled rhevstat. proper adjustment the valve and the sliding contact 
the rheostat the effluent can easily held within +0.1° C., the variations 
normally being within +0.05° 

the basis these preliminary experiments, the following method was 
employed for the purpose studying the relation between oil content and 
refractive index the halowax extract. 
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Fic. and temperature control device. 


The flaxseed ground fine pulp the Hobart burr mill and then 
dried overnight the vacuum oven 

Two grams the dried material accurately weighed and triturated for 
least min. mortar previously heated 70° with gm. fine 
sand and cc. halowax. 

The mixture filtered through mm. folded Prat-Dumas filter paper 
and the filtrate collected test tube. 

After filtration for approximately min. the refractive index the filtrate 
determined 25° C., one minute being allowed for the extract acquire 
the temperature the prisms before taking the readings. 

Triplicate halowax extractions with duplicate scale readings each extrac- 
tion were made and the mean values employed for the subsequent statistical 
studies reported here. 

regard the determination the oil content flaxseed, there appar- 
ently standard method general use, indicated the replies received 
questionnaire submitted research and industrial laboratories early 
1934. Not only was there considerable variation the type extraction 
apparatus employed but the times extraction and the solvents used differed 
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widely. For this reason seems essential describe some detail the 
method employed this laboratory. gm. sample the flax pulp, 
ground the Hobart burr mill described for the refractometric studies, 
dried overnight vacuo 98°-100° and extracted electrically 
heated water bath for hr. with anhydrous alcohol-free and peroxide-free 
ethyl ether Soxhlet extractor, using Whatman double thickness extraction 
thimbles, and siphoning rate per minute. The ether extract filtered 
through sintered glass filter and transferred directly tared 125 cc. 
Erlenmeyer flask suction, the extraction flask being washed three times 
with fresh solvent. This procedure necessary remove traces starch 
which are inevitably present the extract. The excess ether distilled off 
water bath maintained approximately 70° C., the extract dried vacuo 
for hr. 98°-100° pressure not exceeding mm. mercury, and 
the oil content computed dry matter basis. 

has been found that increasing the time extraction beyond hr. does 
not increase the quantity oil recovered. However, the extracted sample 
transferred mortar and re-ground with fine carborundum sand and 
re-extracted with ethyl ether for further hr., slight additional quantity 
oil obtained. The re-grinding increases the tendency for starch 
present the extract and particularly necessary that the extract 
filtered before evaporation. The quantity oil recovered from number 
re-ground, previously extracted samples varied from 0.12 0.30% with 
average 0.16%. view the relative constancy the additional oil 
and the inconvenience re-extraction, single extractions only were made 
the present study. 

order determine whether variations the refractive index the ether 
extract had any appreciable influence the corresponding values obtained 
the halowax extract, refractometric scale readings were made the ether 
extracts 25° The iodine values these extracts were also determined 
duplicate according Wijs’ method. 

Sixty-eight samples flaxseed grown different districts Western 
Canada the crop years 1931, 1932 and 1933 and for the most part 
grading No. C.W., were submitted the analytical determinations outlined 
above and the statistical constants computed from the respective mean values 
obtained for the individual samples are given Table 

The close relation between the scale reading halowax extracts and oil 
content, determined ether extraction, shown the high and signi- 
the fraction the total variance halowax scale reading independent 
oil content, 90% the variance attributable the correlation. That the 
scale readings halowax extracts are not appreciably influenced variations 
the refractive index linseed oil, determined ethyl ether extracts, 
shown the partial correlation .122. This result quite sur- 
prising and suggests that either the solvent actions ethyl ether and halowax 
are dissimilar that the refractive index linseed oil modified 
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TABLE 


STATISTICAL CONSTANTS FOR DATA ON OIL CONTENT, SCALE READING OF HALOWAX EXTRACT, 
IODINE VALUE AND SCALE READING OF ETHER EXTRACT 


68) 
Means, standard deviations and ranges 
Mean Range 
Oil content, (x) 40.37 37.0 43.8 
Halowax extract scale reading (y) 3.62 51.7 
Iodine value (Wijs) 184.38 4.36 174.6 196.5 
Ether extract scale reading (s) 40.55 4.43 64.0 
Simple correlation coefficients 
Oil content halowax extract scale reading 24.0 
Oil content ether extract scale reading 2.0 
Halowax extract scale reading iodine value 2.0 
Iodine value ether extract scale reading 8.0 
Halowax extract scale reading ether extract scale 
First order partial correlation .122 1.0 
Regression coefficients 
Oil content halowax extract scale reading 24.0 
Iodine value ether extract scale reading .689 8.0 
Linear regression equations 
Standard 
error 
prediction 
Estimation oil content (x) from halowax scale reading (y) 0.59% 
Estimation iodine value (z) from ether extract scale reading (s) 


entirely irregular manner the laboratory manipulations involved the 
ether extract determination. This point now being investigated com- 
paring the refractive indices and iodine values ether extracts flaxseed 
with the corresponding values determined linseed oil expressed means 
Carver laboratory press. 

Since the scale readings halowax extracts depend such large extent 
the oil content flaxseed, they may employed estimate oil 
content having recourse the regression equation 19.471 .458 
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which gives the most probable value for determined values The 
linearity regression was tested the analysis variance procedure, 
(Fisher (3)) and the deviations from the regression line were not significant. 
Hence, the standard error single predicted observation defined 
ox, which this instance equals 


For routine work the estimation iodine value from the refractive index 
linseed oil would considerable utility. Accordingly, the regression 
iodine value scale reading the ether extract was computed and 
given Table The relation between these variables was found 
linear, the standard error single predicted iodine value being +3.1. 


interest note that there slight tendency for low iodine values 
associated with high oil content, shown the correlation .258. 


FREQUENCY (¥) 


CONTENT (x) 


Regression oil content flaxseed refractive index and scale reading halowax- 


The accuracy prediction the oil content flaxseed the refracto- 


metric method, using halowax solvent, leaves much desired. More- 
over, this substance impure, its refractive index not constant through- 
out various shipments. This necessitates frequent revision the conversion 
table. was therefore decided investigate the possibility other avail- 
able linseed oil solvents satisfactory physical properties. Three solvents 
were considered and their characteristics and approximate costs compared 
with halowax, are given Table III. 
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TABLE III 


Approximate 


Refractive Boiling Specific 


Solvent gravity 


Monochlornaphthalene (halowax) 

Tetra bromethane 
a-bromnaphthalene 


The refractive index not sufficiently high 
warrant consideration; also the practical grade colored and the refined too 
While tetrabromethane has refractive index similar halowax, 
the high specific gravity would render its cost excessive for routine testing. 
the other hand, has higher refractive index than 
that monochlornaphthalene, thus making superior solvent since the 
greater the difference refractive indices the solvent and linseed oil, the 
greater the attainable accuracy. 

Since the refractive index bromnaphthalene fell beyond the measuring 
any the prisms hand, and also view the relatively high cost 
this solvent, was decided investigate the utility mixture approxi- 
mately 50% volume with halowax. The mixed solvent possesses the advan- 
tage that its refractive index can adjusted constant value (1.64461 
25° C.) varying slightly the percentages its components, thus eliminating 
the inconvenience adjusting the conversion table for each new shipment, 
required for halowax, and making possible prepare conversion 
table for permanent use. 

Refractometric determinations were made 106 samples flaxseed, using 
the solvent mixture approximately 50% volume a-bromnaph- 
thalene and (halowax), and the method previously out- 
lined for the halowax extraction. before, the oil content was deter- 
mined ethyl ether extraction and the iodine number and refractive index 
the ether extract determined. The data obtained are summarized the 
statistical constants recorded Table IV. 

The correlation between oil content flaxseed and scale reading the 
mixed solvent extracts, .977, significantly higher than the corre- 
sponding correlation .948 for the halowax data. the instance 
the halowax extractions, the regression oil content scale reading was 
found linear. The regression coefficient 0.393 significantly 
lower than that for halowax 0.458) that unit change scale 
reading corresponds smaller increment change oil content for the 
new solvent, thus increasing the accuracy estimation, shown the lower 
standard error prediction +0.39%. The regression line shown 
Fig. with the frequencies for each scale reading 1-unit class intervals and 
the actual means and frequencies for oil content 0.5% class intervals. 


cost per 
500 gm. 
1.635 246 1.368 0.75 
1.618 243 1.001 1.50 
1.638 151 2.92 3.00 
1.6558 281 1.487 3.00 
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TABLE 


STATISTICAL CONSTANTS FOR DATA ON OIL CONTENT, SCALE READING OF HALOWAX-BROM- 
NAPHTHALENE EXTRACT, IODINE VALUE AND SCALE READING OF ETHER EXTRACT 


106) 
Means, standard deviations and ranges 
Mean Range 
Oil content, (x) 40.48 1.84 43.3 
Halowax-bromnaphthalene extract scale 
reading (y) 20.58 4.57 26.2 
Iodine value (Wijs) 183.79 3.61 179.0 193.3 
Ether extract scale reading (s) 41.47 3.57 
Simple correlation 


Oil content halowax-bromnaphthalene extract scale 


reading Tay .977 46.7 
Oil content iodine value 1.6 
Halowax-bromnaphthalene extract scale reading iodine 

value 
Halowax-bromnaphthalene extract scale reading ether 

extract scale reading 1.0 
Iodine value ether extract scale reading 8.7 


Regression coefficients 


Oil content halowax-bromnaphthalene extract scale 
reading 46.7 
Iodine value ether extract scale reading .646 8.7 
Linear regression equations 
Standard 
error 


prediction 


Estimation oil content from halowax-bromnaphthalene extract scale reading 


Estimation iodine value from ether extract scale reading 


will noted that the mean values for oil content fall very close the regres- 
sion line with the exception two classes for which the frequencies are low. 
The refractometric scale readings were not converted refractive indices 
making the statistical computations, routine practice would much 
more convenient convert the instrumental readings directly oil content. 
However, the refractive indices corresponding unit scale values are given 
the regression graph and also the tentative conversion chart reproduced 
Table which was computed from the regression equation 32.40 
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regard the regression the iodine value ethyl ether extracts 
the refractometric scale readings the extract analysis variance showed 
that the deviations from regression were not significant. The regression 
graph given Fig. and will noted from Table that the standard 
error prediction iodine value (Wijs) from the regression equation 
210.59 .646s +2.75. this equation and the conversion chart 
computed therefrom cognizance has been taken the residual oil which 
may recovered re-grinding and re-extraction, since this procedure 
not general use. 


FREQUENCY 


VALUES. (2) 


Fic. Regression iodine value refractive index and scale reading ethyl ether 
extracts flaxseed. 


Casual observations indicate that the refractive index ethyl ether extract 
flaxseed quite sensitive variations the temperature which the 
ether distilled off upon completion extraction and that the changes 
refractive index not appear accompanied corresponding changes 
iodine value. While every attempt has been made standardize the 
technique this series, seems quite possible that greater degree accuracy 
predicting iodine value from the refractive index linseed oil would 
obtainable the instance expressed oils; also the variations noted the 
refractive index ethyl ether extracts individual samples may, previously 
indicated, responsible for the insignificant influence the refractive index 
the oil upon that the halogenated naphthalene extracts. 

view the fact that the halowax and halowax-bromnaphthalene extrac- 
tions were not conducted precisely the same samples throughout, and 


' : 
i 
2 ' 
REFRACTIVE 
= 


GEDDES AND LEHBERG: FLAX STUDIES 


TABLE 


TENTATIVE CONVERSION CHART FOR COMPUTING OIL CONTENTS FROM SCALE READING OR 
REFRACTIVE INDEX OF HALOWAX-Q@-BROMNAPHTHALENE EXTRACT OF FLAXSEED 


reading, content, i content, reading, (2s° Cc ) content, 
7.0 38.0 21.4 1.61633 40.8 
7.2 38.0 21.6 626 40.9 
7.4 38.1 21.8 620 41.0 
7.6 38.2 22.0 614 41.0 
7.8 é 38.3 22.2 608 41.1 
8.0 “a 38.4 22.4 602 41.2 
8.2 15.4 38.4 22.6 595 41.3 
8.4 15.6 38.5 22.8 589 41.4 
8.6 15.8 38.6 23.0 583 41.4 
8.8 0 38.7 23.2 577 41.5 
9.0 2 38.8 23.4 571 41.6- 
9.2 4 38.8 23.6 564 41.7 
9.4 6 38.9 23.8 558 41.8 
9.6 .8 39.0 24.0 552 41.8 
9.8 39.1 24.2 546 41.9 
10.0 ro 39.2 24.4 539 42.0 
10.2 4 39.2 24.6 533 42.1 
10.4 .6 39.3 24.8 526 42.1 
10.6 .8 39.4 25.0 520 42.2 
10.8 0 39.5 25.2 $14 42.3 
11.0 2 39.6 25.4 508 42.4 
11.2 -4 39.6 25.6 501 42.4 
11.4 6 39.7 25.8 495 42.5 
11.6 .8 39.8 26.0 489 42.6 
11.8 39.9 26.2 483 
12.0 39.9 26.4 477 42.8 
12.2 .4 40.0 26.6 470 42.8 
12.4 .6 40.1 26.8 404 42.9 
12.6 8 40.2 27.0 458 43.0 
12.8 0 40.2 27.2 452 43.1 
13.0 5 40.3 27.4 446 43.2 
13.2 4 40.4 27.6 439 43.2 
13.4 .6 40.5 27.8 433 43.3 
13.6 40.6 28.0 427 43.4 
13.8 40.6 
14.0 40.7 


the more satisfactory results secured the use the latter solvent, further 
series 100 samples was extracted duplicate, employing three solvents, 
namely: halowax, mixture approximately 50% volume halowax 
and a-bromnaphthalene, and 20-80 mixture volume halowax and 
bromnaphthalene. 

The relations between oil content and the refractometric readings obtained 
for the first two solvents agreed closely with those previously reported 
detail. the degree association between the means duplicate 
scale readings and oil content for the 20-80 halowax-bromnaphthalene 
extraction was lower order magnitude than for either the solvents 
previously employed, and the differences between duplicates were significantly 


higher. 


Scale Oil | Scale Oil | Scale Oil 
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view the excellent agreement obtained between the two series deter- 
minations employing the 50-50 mixture, and also taking into consideration 
its lower cost, further investigation was made the 20-80 mixture 
determine the reasons for the apparently anomalous results obtained its 
use. should mentioned, however, that was necessary employ two 
sets prisms order cover the range refractive index encountered and 
this may possibly account part for the differences found, although the 
instrument was carefully re-standardized upon changing the prisms. 

will recalled that, owing the difficulty with cloudy filtrates when 
samples contain more than approximately moisture, all samples were 
dried prior extraction. This procedure detracts from the rapidity the 
test and its value for routine purposes. Experiments were accordingly under- 
taken determine whether satisfactory results could secured the 
optical method when anhydrous salts were employed for the removal 
moisture. Three anhydrous salts, sodium sulphate, copper sulphate and 
sodium carbonate, slight excess, were tried with satisfactory results, the 

first mentioned appearing 
TABLE yield slightly clearer filtrates 


TYPICAL RESULTS OBTAINED BY IMPROVED REFRACTO- and lower variability between 
METRIC METHOD ON SAMPLES DRIED IN THE VACUUM 


OVEN vs. WITH ANHYDROUS SODIUM SULPHATE replicates. 
number samples were 
Estimated oil content ivi is- 
thalene extraction) ture content, 0.15 gm. Naz 

vacuo, with pulp prior the addition 
the 50-50 halowax-brom- 


naphthalene solvent, and the 


results compared with those 
40.2 40.2 obtained 
41.6 41.8 oven prior extraction. 
portion the data pre- 
43.4 sented Table VI, from 
41.1 excellent agreement was ob- 
tained. 
Discussion 


The results this study indicate that mixture approximately 50% 
volume a-bromnaphthalene and halowax, with refractive index 
1.64461 25° C., offers distinct advantages over halowax solvent for 
linseed oil the estimation the oil content flaxseed means the 


Subsequent the completion these experiments, Leithe (Leithe, Wolfgang, Angew, Chem. 
734-736, 1934) has published the details refractometric method for the determination the 
oil content oil bearing seeds which the sample pulverized with sea sand and anhydrous 
sodium sulphate prior extraction with gasoline fraciton (b.p. 90°-100° C.). 
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refractometer. The mixed solvent has higher refractive index than halowax 
alone and slight variations the composition the mixture the refractive 
index the solvent may adjusted constant value, thus rendering 
possible prepare conversion table for permanent use. The accuracy 
estimation oil content, employing the procedure outlined, may regarded 
fairly satisfactory, especially when the simplicity and rapidity the method 
are taken into consideration and also considering the possibility that variations 
refractive index the oil may exert significant influence the refracto- 
metric readings. While the present study has failed show such influence, 
will recalled that the refractive indices were determined ether- 
extracted oils and there some indication that such determinations may 
unreliable measure the true refractive index the linseed oil ex- 
tracted the halogenated naphthalene solvents. Under these circum- 
stances, the conversion chart given Table may regarded tentative. 
the studies now progress indicate that variations the refractive index 
cold-pressed oil significantly influence the refractometric readings, cor- 
rection can readily applied. 

The use anhydrous sodium sulphate for removal moisture permits 
determinations made samples received without oven drying. The 
cost the required for triplicate determinations approximately 
$0.063 per sample and the test can performed with only limited amount 
preliminary training. would therefore appear that the method would 
prove considerable practical utility for routine determinations large 
numbers samples. 
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STUDIES THE ENDOPARASITIC FAUNA 
TRINIDAD MAMMALS 


II. ADDITIONAL PARASITES FROM TRINIDAD DEER 


Abstract 


Setaria bidentata (Molin) and longesubulatum Molin, are 
recorded from Mazama simplicicornis and are re-described together with species 
Oxyurid from the same host. 


previous article this Journal (1) number helminth parasites 
from deer from Trinidad were described. Thanks the co-operation 
Professor Urich, the entrails second deer the same species 
simplicicornis have recently been received from Trinidad and careful exam- 
ination has revealed the presence three species nematodes. Two these 
appear old forms described briefly Molin 1858 and 1861 from deer 
Brazil and not since seen, while the third appears unrecorded. 


Setaria bidentata (MOLIN, 1858) HENRY, 1911 


Two males and three females were recovered from the omentum good 
state preservation. The cuticle longitudinally striated with many fine 
lines which, however, are absent from the lateral areas the body. The head 
rounded and not separate from the remainder the body. The peribuccal 
ring prominent (Figs. 1-4) but notched only laterally give the appear- 
ance single dorso-ventral teeth. Each tooth complete and indented. 
The peribuccal ring surrounded the normal six circum-oral papillae. 
The appearance similar both sexes, although the ring more conspicuous 
the female than the male. 

The females have average length mm. and maximum thickness 
0.8mm. The oesophagus divided into the usual two parts; the anterior, 
more muscular portion being about 0.56 mm. long, the posterior more 
glandular portion, about 4.0 mm. long. The nerve ring surrounds the anterior 
portion point about third its length from the mouth opening, while 
the cervical papillae, which are small and inconspicuous, are slightly posterior 
this. number strands tissue leave the nerve ring and proceed 
the cuticle where they are connected depressed areas (Fig. which are 


December 16, 1935. 
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possibly sensory nature. The female genital aperture found close 
these areas and they may function connection with it. 

The genital system the typical type. 

The tail slender and curved dorsally. 0.4 mm. long and terminates 
knob-like process covered with blunt spines. Two lateral, pointed 
appendices are found close the tip (Fig. 5). 


Setaria bidentata (Molin, 1858) 


Fic. Head female, ventral view. Fic. Head male, ventral view. 
Head female, lateral view. Fic. female. 
Fic. Head male, lateral view. Fic. male. 


The male smaller than the female and the tail end more tightly coiled. 
The two examples seen measured 33.75 mm. and 35.5 mm. respectively; 
the maximum thickness was 0.5 mm. The head end similar that seen 
the female. The total length the oesophagus 0.35 mm. 

The tail bluntly pointed. There are four pairs ventral post-anal papillae 
and single pair lateral post-anal papillae close the tip. Only three 
pairs pre-anal papillae were observed. From just anterior the ano- 
genital opening point about 4.25 mm. from the tip the tail, there are 
numerous ventral thickenings the body, which under low power the 
microscope, superficially resemble papillae. cuticle between these 
transversely striated ventrally. 
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The two spicules are very dissimilar (Fig. 6). The smaller one about 
0.075 mm. long. The larger one partly tubular and partly filamentous, 
the tubular part measuring 0.18 mm. long. 

Three species Sefaria are known occur South American ruminants: 
Setaria labiato-papillosa (in cattle), Setaria nudicauda Ortlepp, 1924, from 
unidentified member the Cervidae Dutch Guiana, and Setaria bidentata 
(Molin, 1858) from Mazama nana from Brazil. The present species differs 
from labiato-papillosa (which practically cosmopolitan its distribution) 
variety points, especially the shape the ring, and from 
nudicauda, possessing number spines the tail the female. 

Molin recorded Filaria bidentata from closely related host 1858. 
described having the mouth with two teeth, both ends the 
body tapering, the male tail rolled into many spirals, provided with numerous 
papillae ventrally and definitely pointed; the female tail loosely spiralled, its 
tip mucronate and spinose. The male measured in. (32 mm.) and the 
female from in. (44 mm.) length. 

This parasite does not appear have been subsequently described. The 
original description inadequate modern standards but there nothing 
which incompatible with the description the present species. Molin’s 
reference the numerous ventral papillae can quite well interpreted 
reference the true ventral papillae, together with the numerous ventral 
cuticular thickenings, which superficially resemble papillae. Moreover the 
hosts are very closely related zoologically. Accordingly, believed that 
the present species the same that seen 1858 Molin. 


longesubulatum 1861 


This parasite was recorded and descrited Molin 1861 from the caecum 
the Pampas Deer (Blastocerus campesiris and the Red Brocket (Mazama 
from Brazil, but does not appear have been seen since. The writer 
recovered two males from the large intestine Mazama simplicicornis. 

The two males measure 10.5 mm. and 11.25 mm. respectively length 
and 0.32 mm. thickness. The cuticle finely striated laterally with 
numerous longitudinal striations the anterior region. 

The mouth opening terminal (Fig. and communicates with large, 
almost cylindrical buccal capsule, the inner surface which carries number 
ridges, but teeth. The writer was unable identify dorsal gutter. 
internal leaf crown some pointed elements arises from the anterior 
edge the buccal capsule. The mouth surrounded ring granular 
cuticle which crenulated around the opening; this ring carries six 
circuth-oral papillae. 

The oesophagus the usual strongyle type and 0.55 mm. long. The 
nerve ring just anterior the middle, but the small cervical papillae are 
situated almost the level the base the oesophagus. The cuticle the 
head region swollen and the excretory pore situated just the posterior 
edge this swelling. 
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Eucyathostomum longesubulatum Molin, 1861 


Fic. Head male. 
Fic. Bursa male, lateral view. 


The genital system the usual strongyle type. 


The bursa (Fig. voluminous and has large dorsal lobe. The lateral 
and ventral rays arise from common trunk. The ventral rays lie close 
together and are situated right angles the lateral rays. The lateral 
rays diverge slightly from each other, the externo-lateral being smaller and 
more slender than the others. 

The dorsal ray large and massive, the externo-dorsals arising some 
distance down its main stem. bifurcated distally (Fig. 9), each bifur- 
cation being massive and simple. Two external branches are given off 
each side the dorsal ray between the externo-dorsal and the termino- 
dorsal rays. 

The spicules are equal, long and filiform, measuring 0.9 mm. length. 
Their free ends have single lateral ala. Their points are barbed but are 
not fused together Necator. small transparent accessory piece 
present. 

females were found, but Molin describes these mm. long, 
with long pointed tail. The vulva situated just front the anus and 
has distinct superior lip. 
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Eucyathostomum longesubulatum Molin, 1861. 
Fic. Dorsal lobe bursa. 
(s. 1.) sp. 


Fic. 10. Head and oesophagus. 
Fic. 11. Mouth opening. 


single female oxyurid worm was also present the large intestine, but 
owing its immature condition and the absence males, impossible 

6.75 mm. long and has maximum thickness 0.3 mm. The cuticle 
free from striations but the posterior end—especially the portion posterior 
the number small annular bands. 

The mouth surround granular cuticular collar (Figs. and 11) 
carrying three fleshy lips and three small interlabia. Each lip has long, 
transparent, medially curved process, medial which smaller similar 
process. The interlabia are slightly trifurcated. The oesophagus the 
usual oxyurid type (Fig. 10), the anterior portion being 0.3 mm. long and the 
bulb 0.15 mm. diameter. The cuticle the oesophageal region swollen. 
The excretory pore situated posterior the end the oesophagus, 0.8 mm. 
from the anterior end the body. 

The vulva the junction the middle and posterior thirds the body, 
and the anus 0.65 mm. from the tip the sharply pointed tail. 
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SCHISTOSOME DERMATITIS CANADA 


NOTES TWO CAUSATIVE AGENTS AND THEIR SNAIL HOSTS 
MANITOBA! 


Abstract 


investigation ‘‘swimmers’ Clear Lake, Manitoba, revealed the 
presence two schistosome cercariae, Cercaria elvae Miller, 1923 Lymnaea 
stagnalis jugularis Say, and sp. Stagnicola emarginata canadensis 
(Sowerby); both species are known causes the dermatitis. Five species 
strigeid cercariae were found, none which indicated any power penetration 
into human skin. Copper sulphate, appropriately applied, and hand collection 
adult snail hosts, are suggested for controlling schistosome dermatitis 
Clear Lake. 


certain trematode cercariae Cort (6) Michigan. Since that time 
certain amount work has been done the problem workers both 
Europe and North America. Several species cercariae have been incrimin- 
ated causative agents, and until the work McLeod (11) appeared they 
were all shown apharyngeal brevifurcate distome cercariae typical 
members the family Schistosomidae. However, McLeod recorded three 
species cercariae from Clear Lake, Manitoba, all which described 
penetrating human skin and causing dermatitis. Two these species 
described new science and according the illustrations they are 
members the family Strigeidae and not Schistosomidae. ‘The third 
Cercaria elvae Miller, 1923, from new snail host, Lymnaea obrussa. 


response request made the National Parks Branch, Department 
the Interior, the writer investigated the occurrence the dermatitis 
Clear Lake, Manitoba, August, 1935. The following observations were 
made Clear Lake and also upon material collected there and returned 
the University Michigan Biological Station and this Institute. 


survey the beaches upon which the dermatitis has been recorded 
revealed the presence limited snail fauna 


Stagnicola emarginata canadensis (Sowerby) (Figs. Lymnaea stagnalis 
jugularis Say. (Figs. 1-2); Helisoma (Say); Helisoma sp.; Helisoma 
sp.; Aplexa hypnorum tryoni Currier; Stagnicola palustris var.; Physella 
gyrina (Say). 

the sandy beaches, which were almost devoid macroscopic vegetation, 
the only snail evidence was emarginata canadensis. This species was very 
common the sand and stones from three seven feet below the surface 
received December 17, 1935. 
Contribution from the Institute Parasitology, McGill University, Macdonald College, 


Macdonald College Post Office, Quebec; with assistance from the National Research 
Also partly contributed from the Biological Station, University Michigan. 


Research Assistant. 
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Fics. Lymnaea stagnalis jugularis Say, from Clear Lake, Manitoba. (Actual 
length—4 cm.) 

Fics 3-6. emarginata canadensis (Sowerby) from Clear Lake, Man. 
(Actual cm. and 1.4 cm.) 
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the water. two small adjoining bays and creek (now dammed from 
the lake), which contained abundance macroscopic vegetation, the 
fauna included 

stagnalis jugularis, palustris var., hypnorum tryoni, gyrina, and 
the Helisoma spp. 

The bays also appeared the breeding places emarginata canadensis, 
numerous young specimens this species being present the vegetation 
shallow water. 

Each snail collected was isolated clear tap water and observed frequently 
over period hours. the end this period cercariae had emerged, 
the specimen was crushed and examined microscopically. The results 
these observations were noted and all infested snails which had shed 
were later taken alive the Biological Station for further study the 
cercariae. Still later, many specimens were collected from the beaches 
co-operators and submitted this Institute for further records. 

The results the field tests are follows: 120 emarginata canadensis 
collected from the bathing beaches, seven shed schistosome cercariae alone, 
shed strigeid cercariae alone, two shed both schistosome and strigeid cer- 
cariae, and one shed stylet cercariae. 272 specimens stagnalis jugularis, 
collected from the creek and from one the bays, shed schistosome cer- 
cariae, shed strigeid cercariae, and two shed both types. the other 
snails collected, Helisoma trivolvis was infested, two specimens this species 
shedding small straight-tailed strigeid, Cercaria burti Miller, 1923, large 
numbers. 

Almost every palustris var. tested shed echinostome cercariae stylet 
cercariae, but furcocercous forms. 

Following field study the cercariae and the ecology the snail 
hosts, the living parasitized snails were taken the University Michigan 
Biological Station. The cercariae were there studied and comparisons were 
made with specimens from type adjoining localities Michigan. 

The schistosome cercaria from emarginata canadensis was found 
identical with schistosome cercaria from emarginata angulata. Dr. 
Benton Talbot, working Douglas Lake, had recognized this species 
being new science and his description will published the near future. 
must referred here Cercaria sp. Twenty-one specimens the 
former snail shed single species cercaria—that Diplostomum flexicaudum 
(Cort and Brooks, 1928). The other three each shed single species 
strigeid cercariae, two having been previously recorded Douglas Lake 
Professor Cort, but yet undescribed. other was strigeid the 
Alaria type. 

The two mixed infestations revealed the schistosome Cercaria sp. and 
flexicaudum. 

The schistosome cercariae from stagnalis jugularis were all single 
species, Cercaria elvae Miller, 1923. All the strigeid cercariae found this 
snail were also single species, Diplostomum flexicaudum. 
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addition the above, several specimens emarginata canadensis 
contained tetracotyles Cotylurus 

The snail fauna and the cercariae Clear Lake not differ materially 
from those several lakes the vicinity the University Biological Station, 
Michigan. Differences noted were the scarcity Physidae Clear Lake 
and the apparent limitation the dermatitis-producing schistosome cer- 
cariae two species. 

Owing the fact that two species strigeid cercariae had previously been 
reported causing dermatitis, each species furcocercous cercaria collected 
was tested determine its power penetrating human skin. Three sus- 
ceptible volunteers were first used, and later four more were used for com- 
parison. The cercariae were carefully isolated under binocular microscope 
avoid confusion due mixed infestations. 

every case Cercaria from stagnalis jugularis caused lesions 
typical schistosome dermatitis. four subjects the schistosome Cercaria 
sp. from emarginata canadensis caused similar lesions. The writer very 
susceptible the dermatitis and the sensations experienced several experi- 
mental exposures were similar those described other workers. the 
water containing the cercariae dries the skin prickling sensation felt. 
This subsides from five ten minutes, leaving visible lesion. During 
the night following the day exposure intense skin irritation occurs and the 
next day red papules, mm. diameter, are present. case these 
papules, unless scratched, disappeared the third day, and the irritation 
was noticed only during the first hours after exposure. cercariae 
other than those mentioned gave any indication penetrating skin, even 
although they were placed arms and legs large numbers and the water 
was allowed evaporate. 


Discussion the Observations 


Clear Lake, common with similar lakes the mid-western United 
States, has been found habitat two important gastropods, varieties 
emarginata and stagnalis. Both these snails are intermediate hosts 
schistosome trematodes, the cercariae which are capable penetrating 
human skin and causing temporary dermatitis. Owing the lack macro- 
scopic vegetation and the sandy and stony bottoms the beaches, emar- 
ginata the common snail the areas used for bathing visitors. 
limited its distribution near the beaches small bays and 
creek which contain abundance vegetation. Thus Cercaria elvae 
secondary importance causative agent dermatitis, whereas the schisto- 
some sp. from emarginata actually present the bathing 
beaches whenever conditions are favorable for its emergence. the two 
snail hosts stagnalis can destroyed means copper sulphate 
broadcast over the shallow water habitats. controlling emarginata 
canadensis the methods must such that the lethal agent will diffuse over 
the surface the sand and stones deeper water. Collection hand 
the adult snails also indicated means reducing their numbers. 
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The most common cercaria Clear Lake, that flexicaudum, 
strigeid, and does not cause the dermatitis. is, however, very pathogenic 
fish, penetrating the eyes and causing intense inflammatory processes, 
which, tests conducted with Clear Lake material, were followed death 
hours. Young Ameiurus nebulosus were found have the cer- 
cariae actively moving around the lens the eyes after the fish’s death. 
pointed out Van Haitsma (16) and others, this cercaria might have 
important bearing the health fresh-water fishes. 

The cercaria flexicaudum the strigeid found mixed infestations 
with schistosome cercariae, both snail hosts Clear Lake. This fact 
might lead confusion certain cases. 

The writer’s findings must compared with those McLeod who worked 
the same area 1933. McLeod (11) found one schistosome and two 
strigeid species Lymnaea obrussa. This snail (now Fossaria obrussa (Say) 
Baker, 1928) according Baker (1, found generally small bodies 
water, such creeks, ponds, sloughs, bays and marshy spots along river 
banks. frequently inhabits abandoned quarries which have become filled 
with water. Like Fossaria modicella and parva, this species home 
sticks, stones and exposed muddy surfaces. Although the writer has fre- 
quently collected obrussa other parts Canada was unable find 
the shore Clear Lake. seems possible that McLeod was working 
with Stagnicola emarginata canadensis. any case the occurrence Cercaria 
elvae either these snails needs further study. 

Cercaria McLeod, 1934, was not found during this investigation 
but continued search might have revealed this species. the search for 
wardlei McLeod, 1934, each lot the peculiar flexed-tail forms was care- 
fully studied, without result. each case these forms were the cercariae 
flexicaudum, which according McLeod (11) differ from the 
number penetration glands, the caudal flame-cell pattern and the absence 
oral bristles the latter species. 

Owing the great prevalence strigeid cercariae all fresh water, 
McLeod’s record the penetration mammalian skin members this 
group important and needs further study. 
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